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ABSTRACT 


I^rnaiaic analysis of two types of shearwall 
structrures has been carried out by two methods using 
stiffness approach* The shearwall structure Type I 
comprises of a shearwall with a one bay rigid frame 
on either side while Type II consists of two shearwalls 
connected at floor levels. In method I, axial deforma- 
tions in the columns or shearwalls have been neglected 
while in method II these have also been considered along 
with bending effects^ The response of the structures 
subjected to wind and earthquake loading has been deter- 
mined by modal analysis which necessitated the determination 
of the natiiral frequencies and mode shapes of the structures. 
The results obtained by both the methods were compared 
Aurt conclusions have been drawn* The models of the above 
structures were excited harmonically and the experimental 
values of natural frequencies have been compared with the 
theoretical values* 
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CHAPTER I 


imiRODucTioir 


In tall buildings, it becomes very important to 
ensure adequate lateral stiffness to resist the lateral 
loads which Eiay arise due to mind, seismic or for that 
matter even blast effects. The general term ‘blast* 
refers to both vibrations induced in the soil and to 
fluctuations of air pressure due to man-made explosions. 
Blast effects due to soil vibrations may be considered 
as seismic excitations. The provision of shearwalls to 
achieve such rigidity has been found to be very effective 
and economical. Purthermore in tall structures, it is 
necessary to know their dynamic response subject to these 
time-dependent loads besides their response to static loads 
As a result of the effect of these time dependent loads, 
forces of inertia are developed in the structural elements 
of the buildings. If the individual members are not 
sufficiently strong, they suffer substantial displacements 
and undergo cracks making the structure as a whole unfit 
for further use. Under the action of wind, a tall building 
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will be continually buffeted by gusts and other aerodynamic 
forces Although the structure will tend toward a mean 
position, it will oscillate continuously. It has been 
observed that this oscillating motion will occur primarily 
at the fundamental period of vibration of the building (1,2). 
One of the methods of dynamic anals’^sis requires that the 
infinite degree - of — freedom continuoiis strticture be 
idealised as a finite degree-of-freedora discrete structure, 
assembly of stiffness, mass and damping coefficient 
matrices of the structure and the use of digital computers 
to seek the solution. 

A lot of literature (3,4-,5) is available on the 
static analysis of tall buildings but the available liter- 
ature on the dynamic analysis is relatively limited. In 
1964, Clough, Wilson and King presented an efficient 
method of static analysis for coupled shearwalls, frames 
and combinations of frames and shearwalls- Synmetric arr- 
angement of shearwalls in the floor plan and rigid floor 
translations v/ithout rotations were assumed, shearwall 
arrangements in the various parallel frames might be 
specified arbitrarily but the assumption that the building 
deflected without twisting was consistent only with a 
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reasonably syimnetric distribution of stiffnesses* Siiearwalls 
were considered as columns with finite width and their 
effects on girder end rotations were included. The lateral 
stiffness matrix with one degree of freedom per storey 
corresponding to the lateral displacement at each storey 
was established for each plane frame parallel to each 
other by tri-diagonalisation procedure. The stiffness 
matrices were superposed to obtain the total building 
stiffness matrix which provided the lateral displacements 
as the solution of equilibrium equations- In 1966, 

Webster^"^^ presented a stiffness method of analysis of 
shearwalls with frames, considering the shearwalls as deep 
columns* The method was much similar to that proposed 
by Clough, Wilson and King^^\ however, Webster had suggested 
the extension of this method to carry out the dynamic 
analysis of frames* In this method, the floor was treated 
as fully rigid in-plane (i.e* all in-plane floor movements 
were defined by rigid body deformations). This device 
significantly reduces the order of formulation and enhances 
the numerical accuracy* Webster developed a lateral 
stiffness matrix which relates the lateral loads applied 
at each storey level with the storey level displacements* 
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Jenkins and Harrison^ developed methods of analysis of 

tall buildings with shearwalls under Ending and torsion, 

They suggested a stiffness method for the bending analysis 

and an energy method for the torsion analysis. The stiffnesses 

have been tabulated for two types of shearwall structures, 

which can be arranged to give a stiffness matrix and finally 

by partitioning technique, the stiffness matrix can be 

reduced to a lateral stiffness matrix. Here more degrees 

of freedom per storey have been taken as compared to the 

( 7 ) 

method presented by Webster^ • 

In the present work, two types of 10-storey shearwall 
structures (Pig. 1.1) have been analysed by using stiffness 
approach based on references (7) and (8), In chapters II 
and III, the development of stiffness matrices has been 
illustrated. The general stiffness matrix is reduced to 
a lateral stiffness matrix as given in Chapter IV, Chapter V 
illustrates the formulation of dynamic problem and the method 
to find frequencies, time periods and modes of vibration 
of a multidegree freedom system. In Chapter VI, modal 
analysis is used to analyse the structure against wind and 
earthquake loading. In Chapter VII, two numerical examples 
have been solved to illustrate the application of analytical 
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method, in determining the dynamic behaviour of sheaiwall 
structures* The results by both the methods have been 
compared- 

Chapter Till deals with the experimental set*-up 
and testing of models of shearwall structures. The models 
were excited harmonically to determine the natural fre- 
quencies and mode shapes.; 

In Chapter IX conclusions have been -drawn and 
suggestions have been made for future work in this field* 



%Sk.3 ! 



GHAPTiR II 


DEVEIOPJEBNT OP THE STIPPHESS KATRIZ POR SHEARWAIL STRUCTURES - 

MHOD I 


The method I is based on the construction of a general 
stiffness matrix for a shearwall structure, and its subsequent 
reduction, by matrix partitioning methods, to form a 
lateral stiffness matrix (Chapter IT) which directly relates 
the lateral displacements to the applied loads at each 
storey level. It is assumed that the floor slab© translate 
and rotate aa rigid bodies. 

2.1 BASIC ASSUMPTIOUS : 

a) The structure is assumed to be perfectly 
elastic and subject only to small deformations^ 

b) Plexural deformations only are considered* 

c) All joints are rigidly connected. 

d) The floor slabs at each storey level are 
infinitely rigid in their - own plane, but have 



no stiffness normal to that plane. They may 
thus be assumed to translate and rotate as 
rigid bodies. 
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e) The proportions of the shearv/alls are such that 
plane sections remain plane 7 

f) Shearwalls and columns extend continuously from 
base to top and beams from side to side* 

g) The proportions of the beams are such that their 
action may be taken as that of line elements* 

The finite widths of shearwalls and columns are 
however taken into account* 

2*2 BASIC SLOPE DEFLECTIOKT BQUATIOITS FOR A UlfIPORM MEMBER : 

If, for a shearwall, plane sections may be assumed 
to remain plane, it follows that the action of the member 
will be eq.uivalent to that of a uniform line element having 
the same stiffness, placed along its centroidal axis. The 
fac^, that such a shearwall has finite width must, however > 
affect the structural action of the beams framing into the 
wall* This effect will be taken to be analogous to that 
produced by rigid end gussets on the beams, the lengths of 
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which are eq.ual to the distances from the ends of the beam 
to the ee.\troidal axis of the walls to which they are 
attached* 


Consider first a uniform member as shown in I'ig. 2*1 . 
The member is subjected to end moments and shears which 
cause the end rotations and displacements shown. Prom 
normal slope deflection theory, it is apparent that 


M. 


- - 




(2*1) 



2EI 


e, 




6 El 




(2 ; 2 ) 


s 


A 




6EI 


A - A - 


12 EI/^^ vv \ 


(2*3) 


2, '3 UNIPORM imiBER WITH RIGID EHD GUSSETS I 

Consider now the member shown in Pig. 2.2 which 
represents a typical beam with rigid end gussets* A rotation 
0^ is given to the end B, as shovm, by application of end 
moments and shears. The stiffness coefficients and 
are defined to be such that 
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Application of a rotation at end A would 
similarly define the coefficient I’rom Fig. 2.2 it 

is apparent that, by taking moments about the inner ends 
of the gussets, the follov/ing relationships may be obtained; 



+ S 


B* "'B 


^ G 
TT ^B 








2 El p 
“IT" 


6EI 








And, taking moments about end A, it follows that 

r S - ^ r ®B *= Sb Cl + + tB) i 


In the above expressions, there is no reference 
to relative lateral displacement between ends A and B, which 
is precluded by the assumption that the axial shortening 
of the columns may be neglected. 1o\y the overall lateral 
equilibrium, of the raember demands that and hence 

these terms may readily be eliminated from the above equations 
to give the following results : 

t. 


Eg = 4 




(2.4) 
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2 *t "fc 

= 2 + X ■‘b + 


(2.5) 


The coefficient ma^ be obtained in a very similar 
manner, the final result being 


K^ = 4 + 12 (1+^). 


(2^£) 


The end moments and shears are then given by 
in terms of these coefficients : 


“A = -KAr«B-^« 


(2-7) 




( 2 , 8 ) 






If t^ 1 1^ 


(2.9) 


2.4 DEVELOPIIEMT OE EXPRESSIONS EOR MOMENT EQUILIBRIUM 

EQUATION FOR A JOINT AND SHEAR EQUILIBRIUM EQUATION EOR 
A STOREY LEVEL : 

Consider the case of a single frame having m 
storeys and n~1 bays, subjected, at each storey level i, 
to lateral point loads These loads cause corresponding 







11 


lateral deformations and also rotations of each. 

^ Q 

3olnt Q* lateral loads and deformations are from left to 
ri^t; rotations are positive clockwise* Consider the 
equilibrium of a joint Q at storey level i as shown in 
3?ig. 2,5* As the joint is rigidly connected^ certain 
relationships are immediately apparent from the compatibility 
of the deformations ; 




^ 1 Q^n ^ 2 ^ ' 


“ ®C!+n ’ “ ^+1 , 


(S.W) 


(Dj)^ = , 


' Al,i , (Uj) = 


Since no external moments are applied to the joixits of the 
structure, it follows that, by moment equilibrium at the 
joint, 

(Mg)^ + (Mg)^ - {Mp - = 0 


( 2 . 11 ) 
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Also, from horizontal shear eguilihriirm, summing over all 
the joints at the storej^ level i, it follows that 

2 =P, (2.12 

Substituting in equation (2,«.11) for the moments 
from equations (2*1), (2.2), (2.7)^ Jand .(2.8) g|.ves the 
moment equilibrium equation for joint Q as : 


2EI.. Elo 

^ ^0-n “ ®( 

^ Q n 0 2 Lg 


r 

"f 


2 Lg 


+ _^ + + (K^) 


» — «Q+i + — ' 

4 I 4 




(2,13) 


And, substituting in equation (2.12) for the shears from 
equations (2.3) and (2.9), gives the shear equilihrixom 
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equation for each storey level i as : 


2 


6EI, 


< - 


®Q-n 


6EI, 6EI 


1 




6BI, 


0 , 


Q+n 


12 EX 


1 


A 


i~i 


12 EI^ 12 EI^ 


"1 


* 1 ” 




^1- 


12 E 






i+1 


P = P.- 


(2,14) 


Clearly, the set of equations, resulting from the application 
of equations (2.13) and (2.14) at each joint and storey 
level respectively in the frame, may be expressed in the 
matrix form ; 


r 

■^11 

1 a 1 
1^12 


Q 


"o' 

A21 

j 

1-^22 

1 j 

' j 

A 


P 


(2.15) 


where A-| ^ and A 22 square submatrices of order n and m 

rn 

respectively and ~ -^12 


The matrix A will be defined as 


All 

1 A ^2 

Agi 

1 ^22 


A = 
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2 •5 SHEARIYALL STRUCTURE TYPE I : 

The shearwall structure Type I is shown in Rig» 2r4j 
this comprises of a shearwall with a one hay rigid frame 
on either side. Each storey has four degrees of freedom 
i*e. 3 rotations and 1 horizontal translation* The order 
of the square matrix A will depend on the number of storeys 
of the structure. The order of A will he four times the 
number of storeys. 

A 10 ~ storey structure was analysed on the 
computer by using equations (2.13) & (2. 14) and the order 
of the matrix A in this case is 40. The matrix A for 
this structure is shown in Eig. 2.5. It consists of 
suhmatrices B, B', C, D, E, E, Gj H, Ij K and L, the 
sizes of each of these suhmatrices are as follows : 

B, BS J & K = [2x2] 

C, D, E, E, 0 & I = [1 1] 

H & I = 0^3] 

These suhmatrices were arranged in the form as 
shown in the Eig. 2,5- Big- 2.4 shows the numbering of 
members and joints of the structure. 

























LL STRUCTRE TYPE H 

























CHAPTER III 


DEVELOPMEMD OP THE STIPPIIESS MTRIX POPl SHEAEWAIL STRUCTURES 

METHOP II 


3*1 STIPPEESS IffiTHOP : 

TMs is also a stiffness matrix method which has 
certain advantages if a digital computer is available. The 
advantages are mainly in the relative ease of formulating 
the problem in this way and the simplicity of the data 
preparation. One important advantage of the stiffness 
method is that a finite element procedure can be introduced 
with very little further complication. This is of advantage 
when considering the interaction of wall and column systems 
with floor slabs* 

The flexibility matrix, used with digital computer, 
is very satisfactory v/ith moderate degrees of redundancy 
but becomes less satisfactory as the number of redundants 
increases* 

Here the stiffness method has been applied to the 
tall buildings with shearwalls. Two types of shearwall 
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structures (same as In Chapter II) have been studied taking 
more degrees of freedom per storey. 

In general, the external force acting at the 
position and in the direction of the ith constraint will be 
a function of the nth joint displacements r throughout 
a structure having n degrees of freedom, i*e. 

% ~ “^il ^±2 ^2 ''^in (3*1) 

The coefficients A^- • are termed "stiffness influence 

coefficients". The coefficients (i=1,2, ,n) are termed 

"direct stiffnesses" and the A^^ (i=1,2, n, j i) are 

termed "cross-stiffness". 

A feature of the method when applied to large 
structural systems is that many of the cross-stiffnesses 
are zero and this leads to a matrix of coefficients that is 
"banded" in form v/ith the nonzero elements close to the 
principal diagonal. The band form of the stiffness matrix 
leads to a substantial savings in computer time and storage#’ 

Equation (3*1) may be written concisely for the 
whole structure, in matrix notation, as 


A r 


R 


( 3 * 2 ) 
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where R represents a column matrix of nodal forces, r 
a column matrix of nodal displacements and A is the 
sguare stiffness matrix of the structure . 

3.2 STIFPIIESS IIATRIX A ROR SHEARWAll STRUCTURE TYPE I r 

Fig. 3.1 shoves a structure comprised of a shearwall 
with a one bay rigid frame on either side. The beam-coluum 
and beam-wall joints are assumed rigid. The geometry of the 
structure is assumed to be regular over the whole height H. 
The storey height h is assumed constant and the member 
properties are also assumed constant. 

The displacements r^ are numbered as shovm in 

JL* * 

Rig. 3.1. At each floor level there are three rotations, 
two vertical displacements and a horizontal displacement. 
Axial shortening of the beams is neglected as is axial 
shortening of the wall in the case where the beam spans are 
unequal. Thus the total number of displacements is 6S 
where S is the number of storeys. Typical deformation and 
corresponding stiffnesses are shown in Rig, 3.2. 

The stiffness matrix W is formed as follows 


A ^ 1 1 ■‘^1 2 


JX. 


0 

_ — U- — 


— 


— 

^21 1 ^22 


A 


p 

- 1 


- 


- 


(5 ‘.3) 










































where ^ and A 22 square submatrices of order 
5S and S respectively and A ^2 ~ -^21* ' represents the 
lateral horizontal displacements and u represents the 
displacements other than A i.e. rotations and axial 
deformations . 

A 10-storey structure of this type has been 
analysed on the computer and the order of the matrix A 
is 60. The matrix for this structure is shown in the Pig. 3*3# 
It cJonsists of submatrices B, B’, C, B, E, E, G, H & I. The 
elements in these sub-matrices are as follows ; 




■^0 
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TABIB 3 » 1 STIBFKSSSES BOR SHSAR WALL S -TEIJG TIJEH: TYPS I 





e 


i 


4 ( T — + 
-^1 





IC A 

4(3d-.21,) -4 

4- ^ 11 





k. 6k,(l„+d) 6k, 

6— jr(l,.+d) 9 — ; 

k' 



4kry ^ i O 
— + 6dlij 

p 

+ 3d^) 

(4l2+6dl2+3d^) 



(ai2+3d) 



4^4 

TT 




2k^ 

-r — 


k 


6 


h 




^ (1^3 + k^ + 1^^) 



Contd. Table 3*1 
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7 


IT 



8 


2k c 


12k^ 

T 



+ + 6dl2+ 3d^) 


10 



11 



k^ _ BI^( I.k.beam) 
k2 = ElgCi'.ii.beam) 
k^ = column) 

^4 = EI^(2'ih.ooluinn) 

_ EA-j (l.h. column) 
kg = EA2(r.h. column) 
k^ =: El(wall) 


j^3 (kj+k^+k^) 


12 



c i HUM&ERVHG OF DISPLACEMENTS ^ 

FIG- 34. 





0 



E 


0 0 0 0 0 


0 


0 


I 


0 -d2 *"d^ 0 

0 0 0 0 0 


These submatrices hare been arranged in the form 
as shown in the 5*ig. 3.5 by means of a computer^. 

The individual stiffnesses a^, b^, c^, dj and 
are listed in the Table 3*1 ♦ 

3;»3 STIPPEBSS JIATIIIX A POE SHEARWAIL STEUCTURE TYRE II : 

The layout of this structure is shown in Pig. 3.4. 

The walls are not necessarily of the same dimensions. 

EX , EX and EI^ are the relevant values of 

-hY^,y ' ^ 2 / 

flexural rigidity for walls and connecting beams. Axial 
deformations of the walls are included and once again it 
is assumed that geometry and member proi)erties are uniform 
over the height of the structure# 
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The displacements are numbered as shown 
in ]?ig. 3 *4* At each floor level there are two rotations, 
two vertical displacements and a horizontal displacement. 
The total number of displacements is 5S where S is the 
number of storeys. 


The stiffness matrix A is formed as follows ; 


^11 


•^12 


u 

A 22 

J 


A 



(3^4) 


where A-j-| and A 22 square matrices of order 4S and S 
respectively and A^g “ ^ represents the lateral 

horizontal displacements and u represents the displace- 
ments other than i.e. rotations and axial deformations^ 

A 10— storey structure of this type has been analysed 
on the computer and the order of the matrix A is 50. The 
matrix for this structiires is shown in the Pig. 5.3 • It 
consists of submatrices B, B’, G, D? E? H & I. The 

elements in the submatrices are as follows : 
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w= [-5] 



These submatrices have been arranged in the 
matrix A as shown in the Pig. 3*3 by means of a computer* 

The individual stiffnesses a^ and b^ are listed 


in the Table 3.2 
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3IE 3.2 ST'IF7’Mi!SS3S 3QR SH5AR 7/AL L STRUGTUHB TYEB II 

Stiffness Coefficients 


^i 


^i 


4k 


2k - 2 +g ^ ‘+r^^ « 


6k _ 

(1+ 2n^) 


k, 12k3 

IT ^ TT" 


6k ^ 

^ (1 + 2n^) 
3 


2k„ 2+g„ 4k, „ n 

( )+ — j (1 +3^21+3^2^ 


1+2g2 


1 ' 


2k, « . 

— j( 1 +3n ^ l+3n|gl+6n ) 


kt- 12k, 

5 4. 5 

F* + 


1 


T 


12k, 


1 ' 


12 

^7 


k. 


.(1+2gj) (1+ 2g2) 




4k ^ 2+g^ 


4k 


( ^ (l^+3iill+3n^) 


h 


6k 


■' ( — ^ ) 


■? 



Contd. iable 3.2 
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i 



7 

2k. 12k, 

2k. . 

T+^ 

4-kp 

8 

(?^) + ^ (1^+31121 +5n^) 
T+2i2 2 2 

h 

9 

^ + 12k3 
h i3 

2k2 ^ §2 ) 

h 1+2g2 

10 

2a^ 

k5 

h 

Data 

^1 w1,y 

^2 ~ w2,y ^2 

f = shape factor 

g = SIBI „1,y 

^ o 


GrA will 


^3 “ B,y 

H wt 


1 

h 


Fig-5-..4 


6 fEl w 2 ,y 
G^A w2^ 


CHAPa?BR IV 


I'CRIUMIIOH OP MTEML SIIPP2IBSS MIRIX 


(The matrix A is partitioned into A^^i A^ 2 » 
and A 22 follows : 



A 11 

1 

* -^12 

I 

•^1 

L 

I . 

} -^22 


so that the 


horizontal translations and displacements other than 
horizontal translations e-g* rotations and axial def ormations» 
are separated. 

The equation relating displacements and forces can 
he written in the form 


A ^ 1 1 2 

— — y; 

■^1 1 -^22 

1 


u 


r ** 

0 


A 1 

n 

P '’ 

\ 


- 


- - 


where the suhmatrices of matrix A have already 
been defined. P represents horizontal forces at floor levels 
/\ represents the horizontal translations and u denotes 



3U 


the displacements other than A 

If the matrix ]? is defined as P = , it follows 

that 


1 



-T 

^11 I ^12 


0 


u 

J 





^21 I ^22 
• 1 


T 


A 

1 -J 




- 


The submatrices of p being of the same order as 
the corresponding submatrices of A. 

Equation (4.2) yields 


or P A (4,5) 

This equation expresses a direct relationship 
"between the applied loads and the corresponding displacements. 

The matrix P 22 ^^.y, however, be expressed directly 

in terms of the submatrices of A as is demonstrated belov/* 

-1 

Since E = A , it follows that 


1 1 ! 2 


^11 1 *'12 


r 1 1 



rj 

= 

-- 1- 

1 

•21 1 -^22 

i 


^21 j ^22 


CvJ 


( 4 . 4 ) 



^ J 


Miltiplyln.'j the partitioned matrices 
■^11 ^12 ^12 ^22 ~ (4- -.5) 

Similarly 

■^21 ^12 ■^22 ^22 “ ^2 ( 4 * 6 ) 

Er62iiu.lt i plying 8(311 a.'bi on ( 4 -* 5 ) ly 1 Sst 

^12 ■*■ -^11 -^12 ^22 ~ 

or 1^2 = • ^Tl ^12 ^22 (4.^) 



(4.8) 





Thus, for a structure, the lateral displacement 
may be determined directly from the lateral loads by 
solution of the following matrix equation : 


where 


K A = P 


-1 


K A22 ”* "^2 


( 4 . 9 ) 


The computer programmes were written which generated 
the matrices A and finally gave the K matrix for 
direct use in dynamic analysis- 



SHEARWAUU structure TVPE^ X 


ELEMENTS OF LATERAL STIFFNESS N^ATRiy. [k] 




























GI-IAPTMl - Y 


DSTEP.MIEITICIT OP IPITUEAI PREQUEECIES AED MODE SHAPES 

Tile equation of motion of a freely vitrating, 
undamped systom^'^"'^ can be v/ritten in the matrix form as 

m (x) + [jcj (x) =0 (5*1) 

where 

= a diagonal matrix containing masses of the 
sj^^stom 

["kJ = square stiffness matrix 

(x)>(x)= column matrices of accelerations and displaco— 
ments, respectively- 

5.1 THE DYHAriCAJj Mi Till 

The above system can also be expressed in tne 
form of the matrix ^D^ , which is celled the dynamical 
matrix- This matrix is defined by 

M = w' r-vj = M W 


(5*2) 
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whore 

If tho matrix differential equation (5»1) is 
-1 

premulti plied by fiCj , the result may be vnritten in the 
form 

(x) + (x) =0 (5*3) 

5*2 THE ITJVISRSE DYiimOAI.' IIATRIX [w3 

If matrix is a singular matrix and, therefore, 

-1 

w docs not exist. In this case the dynamical matrix 
cannot be obtained. In such case it is convenient 
to introduce the inverse dynamical matrix [wj = . 

This matrix is given by 

w M < 5 . 4 ) 

= Inverse Dyns-mical llatrix# 

To obtain the ec^uations of motion of ohe system 
in terms of the inverse dynamical matrix, it is necessary 
only to premultiply equation (5.1) by [mj ** and obtain 
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(x) +[wj(x) =0 (5,5) 

It is therefore, seen that the differential 
aquations of the system may be expressed in the equivalent 
forms ( 5 • 3 ) and ( 5 • 5 ) • In general, the matrices w and 
Lwl a re not symmetric matrices. 

5*3 THE MTIIRAL IHE QUBNC 13 S MD 

In order to study the oscillations of the general 
system formulated in terms of the inverse dynamical matrix 
W hy (5* 5), let us search lor an oscillatory solution 
of this matrix differential equation of the form 

(x) = (x) Sin ( + e) (5.6) 

where (x) is a column matrix of n unknown amplitudes, 
is an angular frequency to be determined, and 9 is a 
phase angle. If this assumed solution is substituted 
into (5.5), the following result is obtained; 

-a/ (x) + [V](x) =(0) (5.7) 

after the t^?igQnDmein?ic function Sin (oaC+ © ) has 
been divided from both terms. If we let 



(5.8) 


:>b 





the equation (5*7) may he written in the following 
alternate form; 


( U - [w] ) (x) = ((0)) ( 5 . 9 ) 


where 


U = nth order unit matrix 

This equation represents a set of linear homogeneous 
equations in the elements of the column matrix (x). In 
order for a nontrivial solution of these equations to he 
permissible, it is necessary that the determinant of the 
coefficients of the elements of (x) vanish. We have, 
therefore, 

det ( /I U - [w] ) = 0 (5.10) 

This equation is recognised as the characteristic 
equation of the inverse dynamical matrix W . In 
general, it is an equation of the nth degree. let 
it he assumed the n roots of equation (5.10) are 
distinct and have the values, 

These roots are the eigenvalues of W • 


To each 
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eigenvalue there corresponds a natural freq.uency 
of oscillation and a time period given in the 
form 



(5.11) 


and 


T- 

■^1 



(5.12) 


where i-1, 2, 3, , n. 


The inverse dynamical matrix \y~} was computed and 
frequencies, time periods and mode shapes were computed 
by using a standard subroutine referred at (9). 


5 • 4 THE MODAL GQLUTfflS 

Prom equation (5*9) it can be seen that to each 
eigenvalue there corresponds a column (x)^ or 

eigenvector of the matrix that satisfies the 

equation 

W ^^^i ’ ^ "" ■'>2,3, , n. 


(5.13) 



j>o 

In the literature of vibration theory, the eigenveotors 
(x)^ are called modal columns o 

5 • 5 ORTHO GQ KALITY Qg iHS HQIAI OOIIimS 

-1 

Since [fJ = [m^ equation ( 5 * 13 ) may be 

also be wri tten in the form 

[kJ (x)j_ = fmj (x)j^ (5.14) 

Let us write the same equation with subscript j, so that 

H = >^5 H '^>3 ( 5 . 15 ) 

If we now premultiply (S.H) by (x)? and (5.15) 

J 

— rn 

by (x)i , we obtain 

(x)^ [kJ ( x )^ (x)^ (x)j_ ( 5 . 16 ) 

3 

(i)? [kJ (x)^ = (x)l H (x)^ (5.17) 

We know that [kJ and j^mj are symmetric matrices; 
hence, if we take the transpose of both sides of equation 
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( 5. 17) y we obtain 

O* [k] ( x )^= fmj (5). (5.18) 

If we now subtract equation (5.18) from (5*16), the 
result is 

0 W (5.19) 

Since, by hypothesis, Uj^ and u^ are two distinct 
eigenvalues, we must have 

(x)? (x)j_ =0 i / 3 (5.20) 

If this is now substituted into equation (5»18) 
v/e see that we must also have 

(x)? [k 3 (x)^ = 0 ± ^ 2 (5.21) 

The relations (5-20) and (5*21) are a form of generalised 
orthogonal relations satisfied by the modal columns or 
eigenvectors of the inverse dynamical matrix * 





5 . 6 THE MODAL ItATRIX I 


We now construct a partitioned sq.uare matrix 
&] by placing the modal columns or eigenvectors (x)^ 
side by side to form a square array of numbers in the 
form 

fx] = {5c)g, , (x)J 




This square matrix j^xj is called the modal matrix 
of the matrix jwj . 

The set of equations (5- 15) may be written as 
a single equation in terms of the modal matrix. This 
equation has the form 

[w][;] =[5 e 7 [i] (5.23) 


where t^3 is a diagonal matrix whose elements are the 
eigenvalues called the spectral matrix 

and has the form 


M 




A'i. 




0 


0 




(5.24) 



If the eigenvalues of are distinct, j^xj 

can be shown to be nonsingular and, thereto le, to have 
an inverse [xj . If the equation (5.23) is post- 
multiplied by W “ ^ , the result is 

W = H W (5.25) 

Therefore, the modal matrix W reduces the inverse 
dynamical matrix [wj to the diagonal form. 


5.7 THB EIGr.MECTO'lS OF THE DYUMIIO JiL MTRIX fh! 

The equation (5.13) indicates that the column 
(x)j^ is an eigenvector of the inverse dynamical matrix 
W associated with the eigenvalue Now let us 

determine the relations between the eigenvectors of 
and the eigenvectors of the dynamical matrix 
In ordfffto discover these relations, we may write (5.13) 
in the form 

[d] (J)i (5.26) 

Or, If ( 5 . 26 ) is premultlplied by [d] , the result 
may be written in the form 



W 


1_ 

A 




(x)j_ = (x)j_ 


(5.27) 


where Z^ 


y± 


It is, therefore, evident from 

(5.27) that the column (x)^ is also an eigenvector of 

the dynamical matrix &] but is associated with the 

eigenvalue — = Z^ of the matrix |[d' 3 . Ihe angular 

^i 

fre<lu©noy of the system corresponding the eigenvalue 

is given by (5.11) in the form 


= (/i) 


1/2 


-I 1/2 

= (— ) , 

2i 


i = 1 , 2 , 5 , > 

( 5 . 28 ) 


We see, therefore, that the eigenvector (x)^^ is the 
modal column associated with the angular frequency ^ 
regardless of whether the analysis is formulated in 
terms of the inverse dynamical matrix |[y~| o^ 1^^® dynamical 
matrix It is seen from (5.28) that the largest 

eigenvalue of [ij gives the lowest frequency of oscill- 
ation, whereas the largest eigenvalue of [w] gives the 
highest frequency of the system. 



CHAPTER yi 


HOML ANALYSIS OP fflLTIDEGHEE SYSTEMS AND ITS APPLICATION 
TO V/IND Am EAHTHQUANE AMLYSIS 

6.1 MODAL ANALYSIS : 

The response of multidegree elastic systems due to 
applied forces or initial conditions is determined by the 
modal method, in which the responses in the normal modes 
are determined separately, and then superimposed to provide 
the total response. Bach normal mode is treated as an 
independent single-degree system,' 

The applicability of the modal method of analysis 
is limited to linearly elastic systems and to cases in 
which all forces applied to the structure have the same 
time variation. Also the damping has been neglected < 

The etjuations of motion for a xiiul bidegree lumped** 
mass system may be written as 

[m] + [e] (x) = (E(t)) 
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where , [k'J f (x) and (x) have the usual meaning 8-s 
per equation ( S'l ) and 

(J'(t)) « a column matrix of applied dynamic forces!;’ 
For linear structural systems, W is symmetric';' 

The equation (6*1) can also be written as 

“i ^3 = l^i (t) (6'.2) 

3=1 

(i = 1 ,2 * , n) 

Let the solutions of equations (6.2) be taken in the form 

n ..... 

^ ~ 1j2y *".• } n. (6'»3) 
k=1 

Here Ti_ (±) are called the "Hormal Co-ordinates” and these 
K. • 

are to be found. x^ (k = 1,2, ,n) form the mode 

shapes. 


Substituting equation (6.3) into (6.2) we get 



(6 . 4 ) 
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[Phis equation i!;a 5 ’' be written with the interchange 


lof sumation signs 5 


^ k .. “ 

^ ^i ®k ^ 2. ' ^*'i;i “1 

k =1 3=1 


k 

( X, ) (6.5) 


Mhe equation (5.«14) may be written as follows ; 


n 


^k 

^3 


= ^ 




2 k 


k 


j=1 


Slubstituting equation { 6 . 6 ) into ( 6 . 5 ) we obtain 


( 6 ;' 6 ) 


n 


k 


“1 2 = h 

ks:1 


(6.^7) 


If we multiply this equation by and sum over 
<i’, d^^e to orthogonal property, all terms in the left 
®ide of above equation will be zero except the term for 


which and we get 

^ n k / i 

# 5 h 


m ^CaJ^ m — 
^k ^ k -^k 


i«1 


n 

i = 1 


”l ^ 


Fj, (t) (Si'S) 





The eqixat ioM ^6, 6) isj sjia;i].ar to the dtff erential 
equation of slngHe degr ec of' fcre’iedoni system and ■fcei*m 
is called 'Senexa lisei ffacsae ' , The soliitioii of 

equation (6 ,8) Is 





SlnOr^ (t-f ) at" 


[S ':9 ) 


Iherelore, sub stitmti =ng tba-6 mi.ne of in equation (6',''3) j 



In the above equati ons, th *6 coonistants Aj^ and are 
determined by initiisl coalnitL,onss as 


xr^CO) 


n 

2 

k:=1 




0 





Ce^io 
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Using the orthogonality property v/e can determine 
the constants as 


Ar 


n 




n k‘ 


m. X . 
1 X 


i=1 


( 6 '. 12 ) 


n 


k 


®lc 


, in! ^ 

n 


This completes the solution of discrete system with 
lumped masses. 


by 


The shear force at ary mass position ’i’ is given 




’^13 ^3 


(6 . 13 ) 


If the external load on the system is in the form 




, then 



n 'k 








n 


i=1 


( 6 . 14 ) 


m. X. 

1 1 


and 


\ (t) 


n 


i=1 


X p. 


t 






^ M(T) Sin«icr (:t“^) dr 


0 


= (DLI')j^ 


( 6 . 15 ) 


where 

= Modal Static Reflection 

and (DIP)^ = Dynamic Load Factor 

Substituting the value of !Pj^(t) in equation 6.3» we 

get 

n 

k=1 

(i=1 ,2, ,n) 


k 

x^ (DLP)jj. ( 6 . 16 ) 
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Maximum vaiue of the displacement at any position 

*i> can be calculated by using the maximum value of DEP 

2 TT 

corresponding to frequency or period 

from the force spectral curves. We cannot sum the modal 
maximums over K as in equation (6.16) as v^e do not 
know the phase difference. All the modal maximums may 
not occur at the same instance of time. To overcome this 
we can have two estimates, one of which is upper bound 
and the other is lower bound. 


X. (max) = ^ X. (M)^ 

^ Ic— 1 0. A. j 


(upper bound) (6,17' 


x^,(max) = 


^k ^i jnBXj (lower bound) 


Similarly the upper and lower estimates of shear 
force (equation 6*13) s^re found as follows 


(S.F) j^max 




(upper bound) (6 .19) 


(S.P ) max = 


;s.p.)i 


(lower bound) (6.20) 



F16 6-i 


IMDEAUSE.D WIND 


k 

fit] . 


LOAD tHG 

VVIHCJ / O^^CE 
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then evaluating the 


DLP = {_ih_ 


integrals in equations (6.22) we obtain 
2 TVt 


Sin 


T 


2 TTt 

1 


for t ^t 


qin c-nv, OTT 

■ Sin 2W *^) 

DI® = (1- ) for 

(6,23) 

The plot of the riaximum values of jiTiP for various 
“t 

values of is shown in Fig. A.1 . 

Applying equation (6.16), v^e can obtain the values 
of displacement and their upper and lower bounds by equations 
(6.17) and (6,18) respectively. Similarly the upper and 
lower estimates of shear force are found by using equations 
(6.19) and (6,20) respectively. 

6.3 APPLICATION TO EARTHQUAKE ANALYSIS ; 

Consider thediserete structure subjected to base 
vibration (Fig, 6,2) during earthquake, is the relative 
lateral displacement of ith mass m^ relative to ground, y 
is the ground displacement. Then the mass at station i is 


1.1. T. KANPUR 

CENTRAL UfifiARY 



. «5 ^ i C 4 
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subjected to an absolute acceleration of (y + 
the equation (6-2) without the external force fj_('fc) 
the form. 


n 

(y;- + y) + ^ 

j=i 




(6 


or 




n 

3=1 




y 


(6 


(i = 


1 , 2 , 


-,n) 


Solutions of these equations will be 


* 


n 

X 

k=1 


k 

5. fjj. (■fc) 


where 


n 


Tv(t) = 


i=1 


k 

% “i 


r 


n 


k" 


("C) Sin<^ (t 


k .4^^: “i 

1=1 


Then 

takes 

.24) 


.25) 


-f) dX 


0 


( 6 . 26 ) 
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jWow 


T. 


k, max 




where 


n 


(MPP)j^ = 


i=1 ^ ^ 




n k' 


( 6 . 27 ) 


■1 


•vk 


= Modal Participation Factor 


Value from velocity spectrum for 

t 

- CC) Sindt^ (t-'C) dtr for undamped 


system, 


ijse expression for for damped system is as 


follows 


J: 


y 


(t) oosar(t-t) at 




.t 


+ 




sin 


y (t) si 

(t-U) at/ 


( 6 . 


J max 


28 ) 
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Undamped natural frequency of the system, 

2 IT 

— where 1 is the undamped natural period 

Damped natural frequency of vibration, 
the fraction of critical damping, & 
the ground displacement. 

is plotted for different values of and T, 
from where we can get its value. 

Then 

and 

(lower bound) 

Ifeximum shear at any mass position i is 

n 

( S » F •» ) -y ■" ^13 ^0^ max 

;i=i 


where 

oj- 

f = 
y = 


. 29 ) 


( 6 . 30 ) 


(6 -.31) 
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6,4 LOAD DISiHIBUTION BETWEEN SHEAR YfAIL EEAMB 

A 

The external shear in any horizontal plane of a 
structure is distributed to the various resisting elements 
in proportion to their stiffness^^’^^’'®*’^^) j^^^grefore 
the shear at an element i, at any particular level, 
is obtained as : 

~ V ( i * for all members) 

(6.32) 

% = ( 6 . 33 ) 

in which Y is the total shear at tMt level, E is the 
flexural rigidity, is the span length, and is the 
shear parameter given by^^^^* 

1/ (1+12 k E I^/ L? A G) (6,34) 

The distribution of the external shears at each storey 
in proportion to the stiffnesses, involves an approximation 
as the interaction with other storeys is disregarded. 



CHAPTER VII 


ILLUSTRATED IIUIIERICAL E]’[AI.IPLES 

lJUlIERICAL EXARIPLE 1 

A 10 “ STORF/ SIIMRUALL STRUCTURE TYPE I 

7-1 MHOD I : 

Consider a siiearvvall structure shown in Pig. 7.1 . 

The weights on the floors and of walls etc. are shovm on 
the hu-i-lding. The value of E is taken as 3000 kip/in I 
The building consists of series of such frames spaced at 
20 feet interval. It Is assumed that both structural 
properties and loading are uniform along the length of the 
building. 

7.1.1 PORIIATIOl OP MSS M-TRIZ : 

Density of structural material =150 lbs/ eft « 

The v/eights of each storey including that of floor, columns 
and walls is calculated. The weights of 1st to 9th storey 
come out to be the same but the top storey has got less 
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WGX^iib. By ciividiU;^ ijlie weigii't of eacli sfopey by giravi"” 
tationaX acceloration (g) we get the value of mass of 
each storey. 

The diagonal mass matrix is shown in Big. 7.1.2. 

7.1.2 STirrUSS:.: ’’ATRIX a : 

The square matrix A is of the form shown in 
pig. 2.5 and is of the order 40. It consists of submatrices 
B, B’, C, D, E> Pf G, H, I, J, K & B. The elements in 
these submatrices are as follov/s 

b.1652400E+07 0.42525000E-K)6 

0.42525000E-f06 0.76532849B+08 

b.10692000E407 0.42525000E406' 

0.42525000E-K)6 0 .39208050B-HD8 

0.16524000E-K)7j 

b.10692000E407j 

[0.42525000E-K)6j 


Cb> 

Cb’]= 

£o] = 

[e] = 
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w = 

{0.29160000E+06J 


Ec8 = ) 

[o.l 60662 400 E-f 0 sJ 


W =! 

^ 0.72899999B+04 

0,46656000E+06 

K=1 

^~0.72099999E-hD4 

0.46656000EH06 

II 

p 0.16038000E-K)5 

-0.80189999 E-K)4l 

i 

^-0.80189999E-K)4 

0.16038000E-K)5 J 

/ — t 

\ t 

II 

''0.1603S000E-K)5 

-0.80189999E+04 

_j0.80189999E404 

0.80189999EHO4 


[-0.8018939SEHO4 

] 

7.1 ,3 lATMlAL STirTlSSS I.IATRIX [k] : 


The matrix [k] is a symraetric square matrix of the 
order 10. The arrangements of elements is shown in Tig. 4*1. 
The elements of left half of the matrix are given in Table 

7.1.1. 
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7*14 FPiEOUE-ClES, TIl.IE PERIODS AHD MODE SHAPES : 

Ih-C f reo[r,Gi'ciGG j 'tine periods and mode shapes are 
given in the table 7*1 *2. Ihe r^ode shapes are drawn in 
Dig. 7.1 *2. 

7.1*5 "'ll® AI1AJ.YSI3 ; 

’7ind loading has been taken as shown in Eig. 6,2,. 
t^ « 0.1 Sec and E = t.O Kip, 

Ihe values oi are found from the graph of 

iUctx 

^r 

^ Vs (DliP)^y as given in the fable 7.1.3. The modal 
static deflections are listed in the Table 7.1*4. The table 
7.1 .5 gives the values of upper and lower bounds of 
deflection and shear force at each storey level. 

7*1,6 EARTHQUAKE AKlAIYoIS (DAKPIHG RATIO =0,00) : 

The structure has been subjected to the Koyn a 
Earthquake of December 11,1967. The magnitude of this 
shock was around 6.5 with its epicentre at a distance of 
about 3 miles from the Koyna Dam. The depth of focus was 
about 15 miles The shock recorded a peak ground acceler* 
ation of 0.63 g having duration of strong ground motion of 


about 10 seconds. 
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}?roiii i.he vol-Ocity Gpecbrupi od: Ko 3 ’'na Earthquake, 

\.’e ujSt iihe valucn ror xiret five xiodes* The modal 
participation factorc, values of and the upper and 
lower bounds of deflection & shear force at each storey 
level have been given in the tables 7.15 and 7 . 1 . 6 . 

7.1.7 FAETHOjJArE A1TAT.Y6I0 (lAIIPING RATIO = 0 .02) : 

The values of S^, the upper and lower bounds 

of deflection and shear force at each storey level are 
listed in Tables 7.17 and 7 AS. 

7.18 SHEAR DISTRIBUTION BETWEEN SHEARWAIL AND mkm : 

Applying equations (6.32,6 .33 & 6 , 34 ) it was found 
that the shear resisted by shearwall at each storey level 
is 94.8 percent of the total shear and the rest 5.2 percent 
is resisted by both the columns. The tables 7.15 (a) » 

7.1.7 (a) and 7.1.9 (a) give the values of shear distribution 
between the wall and columns due to wind and earthquake 
loading. 


7-1.9 IffilTHOD II ; 

The’ same problem has been solved by the method 
illustrated in Chapter III. 
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7 . 1.10 POUKiVTICa-r OP IIA.3F) riA.TR IX ; 

The mass matrix is of the same form as shown in 
PiG. 7.1.2 and the masses of storeys are the same, 

7.1.11 ST IPPITEG S MATE IX [a^ : 

The matrix [a^ is square and symmetric and of the 
order 60. Pig. 3.5 shows the arrangement of submatrices 
BjB’, C, D, E,P, 0} H and I and the arrangement of elements 
in these submatrices have been given in para 3*2. The 
coefficients a., b. , c- , d. and e. are given in the 

*i-» -i* JU vX, 

Table 7.1 10 as calculated for the shearwall structure 
Type I shown in Pig. 7,1.1. 

7.1.12 liATERAl ST IPP IJES 3 LIATR IX K ; 

The matrix [k]] is a symmetric square matrix of order 
10. The arrangement of elements is shovYn in Pig. 4,1* 

The coefficients of matrix W are listed in 
Table 7*1 .11 . 

7.1.13 PREQUEHCIES, TBIE PERIODS AM) MODE SHAPES : 

The frequencies, time periods and mode shapes 
are given in the Table 7»1»12. The plots of the mode 
shapes are same as shovra in Pig. 7.1.2. 
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TABIE 7.1.1 COEPI'ICIENTS OF LATBRAI STIFFNESS MATRIX K 


i j 


1 

2 

2 

3 

3 

3 

4 
4 
4 

4 

5 
5 
5 


1 

1 

2 

1 

2 

3 

1 

2 

3 

4 
1 
2 

3 

4 



i 

D 

^13 

12772.13696 

5 

5 

9914:08520 

-7965.91800 

6 

1 

- 52.83041 

10104.11848 

6 

2 

190;91865 

3048.08964 

6 

3 

-734» 43724 

-7281.14728 

6 

4 

2858.05612 

9926.99816 

6 

5 

-7231 *48968 

- 783.66887 

6 

6 

9913.23320 

2870.96936 

7 

1 

13.79866 

-7235.07952 

7 

2 

'■•49 .66670 

9914.96664 

7 

3 

190.03753 

202.95076 

7 

4 

-734.01111 

- 737.60097 

7 

5 

2857.20392 

2858.93748 

7 

6 

-7228.44896 

-7231.91576 

7 

7 

9901.70528 


5 
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TABIE 7.1.1 (Continued) 


i 


id 

i 

d 


8 

1 

3.59878 

9 

7 

2667.66112 

8 

2 

12.91753 

9 

8 

-6540.29064 

8 

3 

”49.24057 

9 

9 

7252.86360 

8 

4 

189.18525 

10 

1 

- 0.14728 

8 

5 

- 730,97042 

10 

2 

0.52739 

8 

6 

2845.67628 

10 

3 

- 2.00373 

8 

7 

-7184.49328 

10 

4 

7.66239 

8 

8 

9733.69016 

10 

5 

- 29.40904 

9 

1 

0.88542 

10 

6 

113.42132 

9 

2 

- 3.17264 

10 

7 

-440.40540 

9 

3 

12.06526 

10 

8 

1726.24114 

9 

4 

- 46.19991 

10 

9 

-2844.23748 

9 

5 

177.65765 

10 

10 

1468.31450 


6 - 687.01470 


9 
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TABIB 7* 1*2 PRSQUBKCIES, TIJ®) PERIODS MD MODE SHAPES 


s.i. 

1 

5 

T" 

4 

5 

FREQUENCY 
Ead?an/Sec . 

6.18732 

20.88347 

42.12405 

72.13858 

111.51777 

’2im PERIOD 
Seo . 

1.01500 

0.30099 

0.14922 

0.08713 

0.05637 


0.02189 

-0.07365 

0. 14635 

0.23466 

- 0.32495 

MODE 

SIIAI^ 

0.07206 

-0.21996 

0.36807 

0.45069 

-0.40721 


0.13514 

-0.35600 

0.43734 

0.26183 

0. 10168 


0.20208 

-0. 42808 

0.27761 

-0.18129 

0.43372 


0.26721 

-0.40906 

-0.03275 

-0.43009 

0.06723 


0.32681 

-0.29772 

-0.31961 

-0.22957 

-0.40808 


0.37847 

-0.11527 

-0.41724 

0.20774 

-0.23084 


0.42091 

0. 10247 

-0.26202 

0.41750 

0-30933 


0.45411 

0. 31718 

0.07881 

0. 15442 

0.52221 


0.48001 

0.50581 

0.471180 

-0.40175 

-0.32603 


:)ontd. TABLE 7.1.2 
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SI. No. 

6 

7 

I'RBQTIENCY 
Radi an/s ec. 

159*80176 

215.21389 

TIME HBRIOD 

0»03933 

0.02921 

Sec. 

0.40288 

0.45428 


0.22818 

- 0.03790 

MOLE 

-0.39695 

- 0.38316 

SHAPE 

-0.13833 

0.34508 


0.42662 

0.11213 


-0.05158 

-0.43325 


-0.43774 

0.22928 


0.03358 

0.25476 


0.40820 

-0.41511 


-0.25472 

0.19032 


8 

9 

10 

273.57136 

327.02454 

364.86414 

0.02298 

0.01922 

0.01723 

- 0.46252 

0.40334 

- 0.24706 

0.29669 

- 0.42809 

0.32488 

0.04697 

0.35910 

-0.38818 

-0.36084 ' 

-0.14192 

0.42052 

0.42102 

-0.09966 

-0.42028 

-0.18558 

0.30999 

•0.38741 

-0.18009 

-0.42301 

-0.32446 

0.42028 

0.40375 

0.23650 

-0.35658 

-0.25311 

-0.12820 

0.13318 

0.08295 

0.03912 
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TABLE 7.1.3 DYNAMIC LOAD BAG TORS (DLR) 

^max. 

WIND ANALYSIS (t^ =0.1 Sec. ? = 1.0 Kip. 


MODE 

Sec 

T 

Sec . 

■t/T 


1 

0.1 

1.01590 

0.985 

1.08 

2 

0. 1 

0.30099 

0.233 

1.810 

3 

0.1 

0. 14922 

0, 666 

1.400 

4 

0.1 

0.08713 

1.'147 

1.150 

5 

0. 1 

0.05637 

1.770 

1.120 


TABLE 7.1.4 MODAL STATIC DEBLEOTIONS 


MODE 1 

2 

3 

4 

5 

MODAL 0.33036193 
STATIC 

DE ELECT- 
ION 

-0.01027232 

0.00193174 

0.00042310 

-0.00016822 
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TABIE 7* 1-5 UPPER AMP LOWER BOTOILS OP UBPEBCTIOUS 
AID SHEAR FORGES (s.p.) 


STOREY 


1 

2 

3 

4 

5 

D 







B B 

P (in)o 

UPPER 

0.00975 

0.03109 

0.05617 

0.08098 

0. 10325 

L U 

B I 

0 D 

TIOI 

LOITER 

0.00794 

0.02605 

0.04868 

0.07254 

0.095 6^' 

S.P. Q 

UPPER 

19.4295 

18.7936 

17. '2882 

15.5633 

13.5406 

U 







(Kipa)^ 

LOWER 

11.0925 

10.7908 

10.0940 

9.1838 

8.1179 

Oontd. Table 7*1 

.5 





STOR 


6 

7 

8 

9 

10 

B 

0 

UPPER 

0.12319 

0. 13845 

0.15305 

0.16827 

0.18220 

U 







I 

D 

LOWER 

0.11674 

0. 13506 

0. 15019 

0. 16213 

0.17152 

B 

UPPER 

11.6652 

9.4344 

7.3788 

5.2288 

2.9168 


0 

u 

N LOTIffiR 6,9851 5.7696 

D 


4.4985 3.1413 1.6179 
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TABIB 7 . 1.6 EARTHQUAKE AHAEYSIS (DAMPIH& RATIO = O.OO) 
MODAL PARTICIPATION PAG TORS (MPP) AND 


MODE 

1 

2 

3 

4 

5 

TIME 
PERIOD 
(Sec. ) 

1.01590 

0.30099 

0.14922 

0.08713 

0.05637 

MPP 

0.44880 

-0.05089 

0.01692 

O'. 00748 

-0.00387 

Sy 

(in/Sec) 

16.55 

13.00 

24.40 

15. 80 

7.50 


TASE 7.1.7 UPPER AND LOYfflR BOUNDS OP lEPIBCTIONS MD 

SHEAR POROBS (S.P.) 


STOREY 



1 

2 

3 

4 

5 

DEPEE- 

CTION 

B 

0 

u 

N 

D 

UPPER 

LOIER 

0.3089 

0.1825 

0.8978 

0.5777 

1.4538 

1 . 0472 

1.9328 

1.5320 

2.5217 

2.0038 

SHEAR 

B 

0 

u 

N 

UPPER 

4 ^ 

0 

• 

0 

1351.852 

1177.188 

1029.708 

883.620 

PORCE 

LOWER 

747.029 

698.728 

604.820 

520,469 

450.762 


D 


(Continued Table 7.1.7) 
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STOREY 


6 

7 

8 

9 

10 

DEFLE- 

CTION 

B 

0 

U 

UPPER 

2.7953 

3.0909 

3.3607 

3.6429 

4.1517 


N 

D 

LOTOR 

2.4-392 

2.8176 

3.1294 

3.3797 

3.5866 

Shear 

B 

0 

U 

UPPER 

770.084 

612.946 

465.626 

306.776 

197.026 

FORCE 

N 

D 

LOWER 

383.234 

308.118 

227.536 

146.665 

96,070 


TABIE 7.1.8 EARTHQUAKE AUAIYSIS (UAMPIUC RATIO = 0.02) 


MODAL PARTICIPATION FACTORS (MPP) AND 


MODE 

1 

2 

3 

4 

5 

TII'E 

PERIOD 

1.01590 

0.30099 

0. 14922 

0.08713 0. 

05637 

MPF 

0.44879887 

-0.05089285 

0.01691932 

0.00748274 

-0.003865 

Sv 

13.70 

7.33 

9 . 06 

7.10 

3.54 
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!DABEB 7.1.9 UPPER MD LOWR BOUNDS OP lEPIECTIONS MD 

SHEAR PORCB 


STOREY 



1 

2 

3 

4 

5 

UBPIB- 

CTION 

B 

0 

u 

N 

D 

UPPER 

LOWER 

0.2014 

0,1398 

0.6111 

0,4548 

1.0461 

0.8442 

1.4603 

1.2535 

1 .8243 

1,‘6-502 


B 

0 

UPPER 

702.628 

663.408 

585.371 

518.671 

447.771 

SHEAR 

u 

N 

D 







POROE 

LOWER 

349.219 

327.969 

287.906 

253.201 

220.920 


Continued Table 7.1.9 


STOREY 



6 

■ 7 

8 

9 

10 

HBPLS- 

B 

0 

UPPER 

2.1872 

2.4482 

2.6928 

2'. 9351' 

3.2382 

GTION 

U 

N 

LOWER 

2.0131 

2.3283 

2.5887 

2.7947 

2.9584 


D 







SHEAR 

B 

0 

UPPER 

387.575 

310.213 

238.955 

159.498 

97.265 

FORCE 

U 

N 

D 

LOWER 

187.143 

151.942 

115.808 

76.247 

44,996 
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TABLE 7.1.5 (a) 


DISTRIBUTION OF SHEAR FORCE (S.F.) DUE TO 7^1© 


TOTAL SHEAR FORCE S.F. RESISTED BY S.F. RESISTED 
(KIPS) SHEAR7/ALL BY COLUMS 


STOREY 


BOUND 


BOUED 


BOUED 


10 

9 

8 

7 

6 

5 

.4 

3 

2 

1 


UPPER 

LOWER 

UPPER 

2.9168 

1 .6179 

2.7651 

5.2288 

3.1413 

4.9569 

7.3788 

4.4985 

6.9951 

9.4344 

5.7696 

8.9438 

11 .6652 

6.9851 

11.0586 

13.5406 

8.1179 

12.8365 

15.5633 

9.1838 

14.7540 

17.2882 

10.0940 

16.3892 

18.7936 

10.7908 

17.8163 

19.4295 

1 1 .0925 

18.41 92 

19.4295 

11 .0925 

18.41 92 


LOWER 

UPPER 

LOWER 

1 .5338 

0.1517 

0 .0841 

2.9780 

0,2719 

0.1633 

4.2646 

0,3837 

o;2339 

5.4696 

o;4906 

o;3ooo 

6.6219 

0^6066 

Q'.3632 

7.6958 

0;7041 

0,4221 

8.7062 

0 .8093 

o'-: 4776 

9.5691 

0.8990 

0:5249 

10,2297 

0.9773 

O.. 56 IJ 

10.5157 

1 .0103 

0,5768 

10.5157 

1 ,0103 

0'.5768 


BASE 
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TABIJi) 7.1 .7 (a) 

BISTRIBUTIOW OP SHEAR PORGE (S.P.) DUE TO EARTHQUAKE (DAI^IPIHJ 

RATIO = 0^00) 



TOTAL S. 

P. 

S.P. RESISTED BY 

S,P. RESISTED -BY 


KIPS 


SHEARWAIL 


COLUMNS 


STORE! 

BOUND 

BOUND 


BOUl'D 


UPPER 

LOWER 

UPPER 

LOWER 

UPPER' 

LOWER 

10 

197.026 

96.070 

186.781 

91 .074 

10.245 

4'.996 

9 

306.776 

146.665 

290.824 

139^038 

15':952 

7.627 

8 

465.626 

227.536 

441 .413 

21 5 '.704 

24.213 

1 1 .832 

7 

612.946 

308.118 

581 .073 

292.096 

31 .873 

I6i;022 

6 

770.084 

383 .234 

730.040 

363 .306 

40 .044 

19.92U 

5 

883.620 

450.762 

837.672 

427.322 

45.948 

23 .440 

4 

1029.708 

520.469 

976.163 

493.405 

53.545 

27.064 

3 

1177.188 

604.820 

1115.974 

573.369 

61 .214 

31 .451 

2 

1351.852 

698,728 

1281 .556 

662.394 

70 '.296 

36,334 

1 

1440.034 

747.029 

1365.152 

708.183 

74.882 

38.846 

BASE 

1440.034 

747.029 

1365.152 

708.183 

74.882 

38;846 





73 _ 


TA3LE 7.1 .9 (a) 


distribution CP 8HBARB0RCE (S.P.) DUE TO EARTHQUAKE (DAUPINU 

RATIO = 0.02) 



TOTAL 

’ ♦ 

S.E. RESISTED 'BT 

S.E, RESISTED BY 


KIPS 


SHEARWALL 


COLUMNS 


STORBT 

BCJUHD 

BOUND 

- 

BOUND 

■ - 


UPPER 

LOWER 

UPPER 

LOWER 

. UPPER 

LOWER 

10 

97.265 

44.996 

92 .207 

42 .656 

5.058 

2 '.3 40 

9 

159.498 

76;247 

151 .204 

72 .282 

8.294 

3.965 

8 

238.955 

1 1 5 .808 

226.529 

109.786 

12,426 

6:022 

7 

310,213 

151 .942 

294.082 

144.041 

16.131 

7.901 

6 

387.575 

187.143 

367.421 

177.412 

20.154 

9';731 

5 

447.771 

220.920 

424.487. 

209.432 

23.284 

11 ;488 

4 

518,671 

253.201 

491 .700 

240.035 

26. “971 

13.166 

3 

585.371 

287.906 

554.932 

272.935 

30. '439 

14.971 

2 

663.408 

327.969 

628.911 

510.915 

34.497 

17.054 

1 

702.628 

349.219 

666.091 

331 ,060 

36.537 

18.159 

BASE 

702.628 

349.219 

666.091 

531 .060 

36;537 

18.159 
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TABIE 7* 1*10 STIFFNESSES FOR SHEAR WAIL STRUOTUEE 1 


di e. 


1 0. 1069200CE+07 0. 56024999E+04 0.42525000 0.72899999 0.29160000 

E+06 E+04 E+06 


2 0. 54703 125E»04 0.75937499E+04 0.75937499 0.46656000 0.54000000 

1+04 E+06 E+04 


3 

0.392 0805 CE+07 

0.4252500CE+06 


0.72899999 0.18662400 
E+04 B+08 

4 

0.10 692 OOCE+07 

0.50624999E+04 


0.80189999 0.29160000 
B+04 E+06 

5 

0. 54703 125B+04 



0.54000000 

B+04 

6 

0,80189999E+04 



0. 1749600C3E+08 

7 

0.1652400CE+07 


K2 

O.I7496OOQE+O8 

8 

0.1 08703 12E+05 


^3 

0. 1749600CE+08 




K4 

O.I7496OOCE+O8 

9 

0.76532849E+08 



0.6480000QB+06 

10 

0. 1652400CE+07 



0.6480000QB+06 

11 

0. 108703 12B+05 



0,11197440 

12 

0. 1603800CE+05 
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TABEE 7.1-11 OOEBPICrEWTS OB BAESEAI STIEBNESS MATEIX K 


i 

2 


i 

D 


1 

1 

12770,53699 

5 

5 

9912.07336 

2 

1 

-7966.43378 

6 

1 

- 52., 74690 

2 

2 

10102.20386 

6 

2 

191.04607 

3 

1 

3048.59500 

6 

3 

-734.44997 

3 

2 

-7281.58502 

6 

4 

2858.48038 

3 

3 

9925.03210 

6 

5 

-7231.96783 

4 

1 

-703 .66055 

6 

6 

9911.23022 

4 

2 

2871.42392 

7 

1 

13.82261 

4 

3 

-7235.52869 

7 

2 

-49- 65409 

4 ■ 

4 

9912.98010 

7 

3 

190.09200 

5 

1 

203-. 08791 

7 

4 

-734.09695 

5 

2 

-737.60748 

7 

5 

2857.54712 

5 

3 

2859.36685 

7 

6 

-7228.98877 

5 

4 

-7232.38574 

7 

7 

9899.53882 



ontd. (Table 
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i 

0 


i 

D 


8 

1 

-3.36605 

9 

7 

2676.53671 

8 

2 

13.15719 

9 

8 

-6540.43994 

8 

3 

-49.00608 

■ 9 

9 

7242.21082 

8 

4 

189.46995 

10 

1 

2.31435 

8 

5 

-730.81548 

10 

2 

3.02807 

8 

6 

2846.27530 

10 

3 

0.56586 

8 

7 

-7184.76923 

10 

4 

10.31660 

8 

8 

9731.84827 

10 

5 

- 26.59214 

9 

1 

0.02911 

10 

6 

116 .21940 

9 

2 

-4.04320 

10 

7 

-436. 65690 

9 

3 

11.17310 

10 

8 

1 726, 64655 

9 

4 

-47.13009 

10 

9 

-2826.33197 

9 

5 

176.70089 

10 

10 

1429.22980 

9 

6 

-688.06203 
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TABUS 7*1 *12 MOUBS, TII® UBRIODS AHID MOUE SHAPES 


S.Wo. 1 2 3 


EEEQUBHCY 
Radius/Sec . 

5.49297 

19.62517 

TIME PERIOD 

1.14432 

0.32029 

See. 

-0.01875 

-0.07212 


-0.06294 

-0.21621 

MOIE 



SHAPES 

-0. 12047 

-0.35245 


-0. 18401 

-0.42904 


-0.24875 

-0.41875 


-0,31132 

-O.3I8OO 


-0.36934 

-0.14391 


-0.42131 

0.07210 


-0..46673 

0.29476 


-0.50672 

0.50048 


41.63351 

71.76955 

111.32947 

0. 15098 

0.08758 

0. 05646 

0. 14634 

0.23464 

-0.32519 

0.036989 

0.45143 

0.40855 

0.44363 

0.26392 

0.09996 

0.28898 

-0.17969 

0.43388 

-0.01942 

-0.43232 

0.06912 

-0.31025 

-0.23612 

-0. 40807 

-0.41710 

0.20165 

- 0.23415 

-0.27175 

0.41804 

0. 30686 

0.06463 

0.16202 

0.32448 

0.46132 

-0.39556 

-0.32174 
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Continued Table 7.1.12 


S.No. 


PEBQbENOY 
Radius/Sec . 

159.66274 

215.13933 

TIME EERIOD 
Sec. 

1.14452 

0.05937 

0.32029 

0.02922 


0.40295 

0.45445 


0.22855 

-0.03750 

MOUE 

SHAPE 

-0.39710 

-0.38340 


-0.13949 

0.34494 


0.42647 

0.11291 


0.05287 

-0.43339 


-0.43822 

0.22669 


0.03143 

0.25577 


0.40874 

-0.41489 


-0.25196 

0. 18887 


273.52383 

327.00605 

364.85893 

0. 15098 
0.02298 

0.01922 

0.01723 

-0.46258 

0.40344 

-0.24710 

0.29667 

-0.42810 

0.32494 

0.04725 

0.33907 

-0.38822 

-0.36103 

-0.14175 

0.42057 

0.42105 

-0.09984 

-0.42029 

0. 18515 

0.31021 

o 

• 

00 

-0.18055 

-0.42308 

-0.32439 

0.42059 

0.40371 

0.23641 

-0.35620 

-0.25283 

-0.12804 

0. 13226 

0.08251 

0.03891 


TABIB 7 . 1.13 WIND ANALYSIS 
DYNAMIC LOAD 

t T 

MODE ggQ, Sec 

1 0.1 1.14432 

2 0.1 0.32029 

3 0.1 0.15098 

4 0. 1 0.08758 

0. 1 


5 


0.05646 
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(ty=0.1 Sec. F = 1*0 Kip) 


ACTORS (DDF) 


max. 


t/T 


(DLF) 


max. 


0.858 1.18 

0.312 1.86 

0.663 1.400 

0.'141 1.125 


1.770 


1.12 
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TABIE 7 . 1.14 MODAL STATIC DEI'IECTIONS 


MODE 

1 

2 

3 

4 

5 

MODAL 

STATIC 






DEPIEC- 

TION 

-0.41309 

-0.01292 

0.00200 

0.00043 

-0.00017 


TABIE 7 . 1.15 UPEER MD LOWER BOUNDS OP DEPIECTIONS AND 

SHEAR POROBS 


STOREY 



1 

2 

3 

4 

5 


B" 







DEPIE- 

0 

UPPER 

0.01146 

0.03721 

0.06858 

0. 10099 

O.I3I6O 

CTION 

u 








N 








D 

LOWER 

0.00931 

0.03114 

0.05934 

0.09029 

0.12129 


SHEAR 

POROE 

“T" 

0 

u 

UPPER 

20.5877 

19.9423 

18.3956 

16.5941 

14.4620 


N 








D 

LOWER 

11.9405 

11.6323 

10,9076 

9.9374 

8 . 79 t 5 
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(Continued Table 7 - 1 * 15 ) 
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TABIE 7*1*17 UPEER ATD LO\®R BOIMDS OP PEPIECITIORS MD 

SHEiR POROES 


STOREY 



1 

2 

3 

4 

5 

EEPIB- 

CTIOR 

B 

0 

U 

UPPER 

0.2934 

0.8557 

1.3937 

1.8758 

2.2815 


N 

E 


0. 1687 

0*5387 

0,9894 

1 * 4734 

1.9683 


B 

UPPER 

1395.152 

1306.478 

1132.828 

989,163 

846.412 

SHEAR 

6 

R 

E 







PORCE 

EOIBR 

738.211 

689 . 1 17 

594,499 

510.080 

440.114 


Oontinued lable 7*1*17 


STOREY 



6 

7 

8 

9 

10 

EBPIE- 

B 

0 

UPPER 

2 *.8.1 65 

5*1944 

3.5219 

3.9039 

4*5454 

OTION 

u 








R 

E 

LOUffiR 

2*4515 

2*9'' 07 

3.3037 

3 . 66 I 9 

3*9883 


B 

UPPER 741.006 

588.332 

444*695 

289.865 

188.046 

SHEAR 

0 







POROE 

u 

R 








E 

LOWER 

374*255 

300.389 

221*015 

140,232 

92.687 
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TiU3IE 7- 1.18 MODAL PART 10 1 PATI OF MOTORS (MPP) AFD 


MODE 

1 

2 

3 

4 

5 

TIME 

PERIOD 

1.14432 

0.32029 

0.15098 

0.08758 

0.05 646 

MPP 

-0.49745965 

-0.5980013 

0.017323228 

0.00758555 

-0.00387915 

S^ 

( in/Sec . 

6.18 

) 

7.50 

9.06 

7.10 

3.54 


TABLE 7.1.19 UPPER AFD LOTOR BOUFDS OP DBPIBOTIOFS AFD SHEAR PORGES 


STOREY 

DBPIE- 

GTIOF 


SHEAR 

POROE 


B 

0 

U 

F 

D 


B 

0 

U 

F 

D 


UPPER 

0.1301 

0.3784 

0. 6 I 36 

O. 8 I 9 I 

0.9798 

mwR 

0.0712 

0.2255 

0.4089 

0.5994 

0.7878 

UPPER 

621.213 

528.328 

506.332 

443.015 

377.296 

lOlBR 

318.928 

297.635 

257.506 

222.785 

191.176 
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Continued Table 7.1-19 


STOREY 



6 

7 

8 

9 

10 

lEEIE- 

CTIOF 

B 

0 

u 

F 

UFRER 

1.1667 

1.2795 

1.3969 

1.5904 

1 . 8803 


D 

lOlBR 

0.9690 

1.1392 

1.2965 

1.4410 

1.5757 


SHEIAE ® 325.240 257.238 197.212 131.439 83.938 

lORCE U 
F 

D ICIER 159.262 127-485 96.318 62.109 


39.874 
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TABLE 7.1 .15 (a) 


DiSTRIBUTIOn OP SHEAS PORCE (S.P,) DUE TO WIID 


STORET 


10 

9 

8 

7 

6 

5 

4 

5 
2 
1 


TOTAL S.P. S.P. RESISTED BY S.PJIESISTED BY 

KIPS SHEARWALL COLUMNS 


BOUED 

BOUED 

BOUKD 

UPPER 

LOWER 

UPPER 

LOWER 

UPPER ■ 

•LOITER 

3.1865 

1 .8130 

3.0208 

1.7187 

0.1657 

0:0943 

5.6711 

3.4845 

5.3762 

3.3033 

0.2949 

0 : 1 812 

7.8987 

4.9391 

7.4880 

4.6823 

0.4107 

0.2568 

10.0916 

6.2728 

9.5668 

5.9466 

0:5248 

0:3262 

12.4697 

7.5695 

11,8213 

7,1759 

o;6484 

0:3936 

14.4620 

8.7915 

13.7100 

8:3343 

0:7520 

0.4572 

16.5941 

9.9374 

15.7312 

9 “.4207 

0:8629 

0:5167 

18.3956 

10.9076 

17 .4390 

10.3404 

0:9566 

0.5672 

19.9423 

11.6323 

18.9053 

11:0274 

1 :0370 

0.6049 

20.5877 

11.9405 

19.5171 

11 ;3196 

1 .0706 

0.6209 

20.5877 

11.9405 

19.5171 

11 .5196 

1 .0706 

0.6209 


BASE 
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TABIE 7.1 .17 (a) 

distribution op shear porce (s.p.) due to earthquake (d am ping- 

RATIO = 0.00) 


STOREY 

TOTAL S.P* 

KIPS 

S.PJRESISTED BY 
SHEARWALL 

S.P, RESISTED ■ ■ 
BY GOLUI01S 

BOUND 

BOUND 

•BOUND 

UPPER 

LOWER 

UPPER 

LOWER 

■ UPPER 

LOWER 

10 

188.046 

92 .687 

178:268 

87*867 

9:778 

4:820 

9 

289.865 

1 40 .232 

274.792 

132:940 

15:073 

7:292 

8 

444.695 

221 ,015 

421 *571 

209.522 

23:124 

11.493 

7 

588.332 

300.389 

557.739 

284.769 

30 .593 

15.620 

6 

741 .006 

374.255 

702.474 

354.794 

38.532 

19.461 

5 

846.412 

440.114 

802 .399 

417.228 

44.013 

22 .886 

4 

989.163 

510.080 

937 -.727 

483.556 

51 *436 

26.524 

3 

1132.828 

594.499 

1073.921 

563.585 

58,907 

30.914 

2 

1306.478 

689.117 

1238,541 

653.283 

67.937 

35.834 

1 

1395.152 

738.211 

1322.604 

699.824 

72 ,548 

38;'387 


1395.152 738.211 1322.504 699»824 72.548 38*387 


BASE 
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TABltB 7* 1- 19 (a) DISTRIBUTION OB SHEAR FORCE DUE TO EARTHQUAKE 

DAMHNU RATIO = ( 0. 02 ) 


I TO TAB S.IV 5 S.B. RESISTED BY i S.P. RESISTED BY 

I ■ Kips 9 SHEAR WAH) 9 OOLUM NS 

X A A - A ' ■ — ' w ■ ■ .y ■ „ I 


STOREY 

9UPEBR 5 

LOIER ! 


LOWER 

S UPPER 

j IOT®R 

9 BOUND i 

^ BOUND 

i BOUND 

10 

85.938 

39.874 

79.573 

37.801 

4.365 

2,073 

9 

131.439 

62.109 

124.604 

58.879 

6.835 

3.230 

8 

197.212 

96.318 

186.957 

91.309 

10.255 

5.009 

7 

257.238 

127.485 

243.862 

120.856 

13.376 

6.629 

6 

325.240 

159.262 

3 O 8.328 

150.980 

16 . 912 

8.282 

7 







5 

377.296 

191.176 

357.677 

181.235 

19.619 

9.941 

4 

443.015 

222.785 

419.978 

211.200 

23.037 

11.585 

3 

506.332 

257-506 

480.003 

244.116 

26.329 

13.390 

2 

582.328 

297.635 

552.047 

282.158 

40.281 

15.477 

1 

621.213 

318.928 

588.910 

302,344 

32.303 

16.584 

BASE 

621,213 

313.928 

588.910 

302.344 

32.303 

16.584 





88 


IJULMIICAL EXillfflE 2 

A 10 - SDORSY SI-IEAE\7AIL saaLTGTUEE TYPE II 

7,2 MHOE I ! 

Considrir a shearwall structure Type II shown In 
Eig. 7.2*1 . The weights on the floor and of walls etc, 
are shown on the huilding. The value of B is taken 
as 3000 Kip/in^, The building consists of series of such 
frames spaced at 20 feet interval. It is assumed that 
both structural properties and loading are uniform along 
the length of the building. 

7*2*1 EQPuMTIOT OF IvIASS MATRIX : 

Eensity of structural material = 150 Ibs/cfb. 

The weight of each storey including that of floor, beam 
and walls etc. is calculated. The weights of 1st to 9th 
storey come out to be the same but the top storey weighs 
comparatively less. dividing the weight of each sto ey 
by gravitational acceleration (g) we get the value of mass 

of each storey. 
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The diagonal nacs matrix is shown in Pig, 7.1,2. 

7.2,2 STIFFI'BGG I’ATIIII [1]] : 

The square matrix A is of tiie form shown in 
pig. and is of the order 30, It consists of suhmat- 


[b] 


Cb’J' 


0 >] 


C, D, E, P,G and 

H, The elements 

of 

are given below ; 


”0,7591 5142E'K)8 

0, 973943 99E-K)6’' 


^0 . 97394399E-K)6 

0 .759151 42E-K)8 , 


0. 385903 43B-K)8 

0.97394399E+06 


■ 0.97394399E-K)6 

» mm. 

0.38590343E-K)8 


[0,1 8662 400E-tO^ 


’*0.31104000E405 

4 

-0,155552000E405 


-0.15552000E-+05 

0.31104000E-K)5 

1 ' 

{]-0.15552000B-KD5^ 


jp,46656000E-K)6 

0 ^ 46 6 56 0 OOE *K)6^ 
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*p** 

-0.46656000S+06 

-*0.46 6 56 000B406| 

1 

IT 

0,31 104000E 405 

■-0.15552000E-I05'' 

-0.155552000E405 

0.15552000E-K)5 


7,2*3 LASmAL S2IPF1CESS imRJJ. £kJ : 

The matrix £lC^ is a symnietrio scLuare matrix of 
order 10. The arrangement of elements is shown in Pig, 4*1* 
The elements of left lialf of the matrix are listed in 
Table 7*2,1 . 

7,2.4 IREQUEl'ICIES, TIIIEPERIOhS AM) MODE SHAPES J 

The frequencies, time periods and mode shapes are 
given in the Table 7*2,2. The mode shapes are plotted 
in P’ig, 

7*2.5 WIMD AMLYSE s 

TTind loading has been taken as shown in Dig. 6,2. 
tj, - 0,1 sec and E = 1 ,0 Kip, 

The values of 
“t 

Ttf- Ys. (DDE) as given in the Table 7*2.3* The Table 7*2.4 
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and Y#2» 5 Sives modal stiatiio deflecijions and 'bli© values of 
upper and lower bounds of deflection and shear force at 
each storey level. 

7,2*6 EARTHQUAKE AMLYS IS (UMIPIHG- RATIO = 0 .00) .* 

The structure has been subjected to the Koyna 
Earthquake of December 11 ,1967 (para 7.6)“ 

Prom the velocity spectriun of the Koyna Earthquake, 
we get the values of S^ for first five modes. The modal 
participation factors, values of and the upper and lower 
bounds of deflection and shear force have been given in the 
Tables 7-2.6 and 7,2.7* 

7-2,7 EARTHQUAKE AMLYS IS ( DAI, 1PIHG RATIO) =0.02)i 

The values of S^, IIPE, the upper and lower bounds 
of deflection and shear force at each storey level are 
given in Tables 7.2,8 and 7.2,9* 

7.2 ;8 IIETHOD II : 

The same numerical problem has been solved by the 
method illustrated in Chapter III. 
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7-2*9 FORItATIOiT OP r..\:Hn riAPlIX ; 

The mass matrix is of the same form as shown in 
pig* 7*2 and the masses of storeys are the same as calculated 
in para t.2.1. 

7-2.10 STIPPIfflSS MATRIX A : 

The matrix A is square and symmetric and of the 
order 50* Pig. 3*5 ^ shows the arrangement of submatrices 
B» B* , C, D, E,,P, ard I and the arrangement of elements 
in these submatrices have been given in para 3»'3. The 
coefficients a^ and b^ are given in the Table 7«2*t0 as 
calculated for the shearwall structure Type II shown in 
Pig* 8.1* 

7*2,11 MTKRAB STIPPNESS MATRIX [k] ; 

The matrix is a square symmetric matrix of order 
10. The arrangement of elements in this matrix is shown 
in Pig, 4*1 . 

The left half of the coefficients of the matrix LkI 
are listed i^ Table 7*2.1. 
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TABIiE 7»2.1 COEPI’ICIEUTS OE LATERAL STLPPHESS MATOTY K 


1 

d 



i . 

• a •' 

■ ■ 

1 

1 

24656.75984 

5 

5 

19020 .09072 

2 

1 

-15447.02672 

6 

1 

-104 .49885 

2 

2 

19398.19648 

6 

2 

379.80768 

3 

1 

6014»77032 

6 

3 

-1 460 .30870 

3 

2 

-14085.06224 

6 

4 

5636.66408 

3 

3 

19045.44668 

6 

5 

-13986.74816 

4 

1 

1557.82708 

6 

6 

19018,49920 

4 

2 

5662.02064 

7 

1 

27.05810 

4 

3 

-13993.69840 

7 

2 

-98.34438 

4 

4 

19021.77744 

7 

3 

378.12073 

5 

1 

403.47717 

7 

4 

-1459.51298 

5 

2 

-1466.46316 

7 

5 

5635 .07272 

5 

3 

5638.35096 

7 

6 

-13980.98720 

5 

4 

-13987.54400 

7 

7 

18996.35488 


TABLE 7.2,1 (com,) 


i 

3 

^3 

1 

3 

"^3 

8 

\ 

-6.98053 

9 

7 

5282,92468 

8 

2 

25.37116 

9 

8 

-12621,37136 

8 

3 

-97.54865 

9 

9 

13746,88560 

8 

4 

376.52927 

10 

1 

-0.28300 

8 

5 

-1453.75192 

10 

2 

1 .02860 

8 

6 

5612.92848 

10 

3 

-3.95481 

8 

7 

-13895.51440 

10 

4 

15.26522 

8 

8 

18666,35120 

10 

5 

-58.93789 

9 

1 

1 .70166 

10 

6 

227:55889 

9 

2 

6.16480 

10 

7 

-878.60471 

9 

3 

23.77970 

10 

8 

3592 ;29240 

9 

4 

-91 .78758 

10 

9 

-5321 .64084 

9 

5 

354.38513 

10 

10 

2627.20750 

9 

6 

-1368,27912 
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SHEARWALL STRUCTURE TYRE II (METHOD I) 


TABLE 7 *2 ,2 EREQUEldlES, TIME PERIODS AMD MODE SHAiPES 


S.Ho, 

1 

2 

3 

4 

5 

EREQUENCY ^ 
(rad/sjsc . ' 

) 7*85408 

27*74951 

59.34451 

105.32990 

166,10141 

TIME 





- 

PERIOD 

(Sec) 

0*80236 

0,22652 

0.10592 

0.05968 

0.03784 


0.01 904 

#067 44 

0.14116 

0.23103 

-0.32265 


0,06485 

-0.20686 

0.36288 

0.45180 

-0.41138 


0,12499 

-0.34251 

0.44175 

0.2722? 

0.09382 

MODE 

0.19108 

-0.42088 

0.29416 

-0 .16956 

0 .43276 


0.25730 

-0.41 206 

0,01028 

-0,42802 

0.07311 

SHAPES 

0.31954 

-0.31079 

-0,30193 

-0.23894 

-0 .40525 


0.37506 

-0.13415 

-0.41226 

0.19596 

-0.23516 


0.42233 

0.08543 

-0 .26837 

0,41289 

0:30386 


0,46119 

0.31156 

0.07140 

0.15473 

0.31835 


0,49322 

0.51909 

0.47760 

-0 ,40806 

- 0.33470 


TABLE 1 . 2,2 COMP. 


yb 


S. No. 

5 

7 

8 

9" 

.10 - 

ER0QUENCY 
(rad/sec • 

^240.80706 

326.69060 

417.24629 

500.20825 

558';'88854 

TBIB 

PERIOD 

(Sbo ) 

0.02610 

0.01924 

0.01506 

0.01257 

0. '01 125 

M 

0,40181 

0 .45444 

0.46377 

0.40523 

-0.2485' 

0 

0.23321 

-0.03352 

-0 ,'2 9404 

-o;42746 

0.3253' 

D 

-0.39403 

-0.38416 

-0.04932 

0.33776 

-0.3881-^ 

E 

-0.141 888 

0.34297 

0,36152 

-0.1 4060 

0,4202 


0.42507 

0.11394 

-0.42025 

-0.10037 

-0 . 41 96 

S 

0.05421 

-0.43286 

0.18476 

0.30997 

0,3869" 

H 

-0.43705 

0 .22843 

0.17999 

-0 .'42260 

-O'. 32 41 7 

A 

0.03144 

0.25467 

-0.41978 

0.40355 

0.23649 

P 

0.40413 

-0.41248 

0.35543 

-0.25284 

-0.1282 

E 

-0.26424 

0.19908 

-0,14015 

0.08765 

0';04145 


■ ■ S: 




WIKD ANALYSIS (t^=0,1, .0 Kip) 


TABLE 7-2.3 DYMMIG LOAD PACT 0RS( DIE 

XuAJv 


MODE 

■fc 

r 

Sec 

T 

Sec 


(DIE) 

1 

0.1 

0.80236 

0,1247 

1 .98 

2 

n H 

0.22652 

0.4620 

1 .70 

3 

II ir 

0.10592 

0.945 

1,02 

4 

II n 

0.05968 

1.675 

1.18 

5 

n n 

0.03784 

2.645 

1 .12 
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\mm AMYSis (co::^D,^ 

TABLE 7.2.4 MOLAL STATIC BEPLECTIOITS 


MODE 

1 2 

3 

4 ■ 5“ 

MODAL 

STATIC 

deflections 

0.25036070 -0.00718893 

0.00126887 

0.00025751 

-0.00009726 

TABLE 7.2,5 

UPPER AND LOM BOUNDS OF 

DEFLECTIONS 

AND SHEAR FORCES 


STOREf 1 2 3,4 


D ■ 

E 

F BOUND 

L 

ECTI9N 

UPPER 

0,01055 

0.03532 

0.06680 

0.10034 

■ 0.13272 

LOTO 

0.00948 

0.03225 

0.06210 

0.09486 

0.12765 

S . 

F. BOUJID 

UPPER 

25.1586 

24.5559 

23 .0059 

21 .1161 

18.7634 

LOWER 

16.5964 

16.3124 

15.6057 

14.5914 

'13.2742 
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g.mE 7.2.5 (GQICTI).') 


STOREY 


6 

7 

8 

9 

10 

D 

B 

P BOUND 

UPPER 

0.16270 

0,18818 

0.21090 

0.23260 

0.25161 

L 

BCTION 

LCyJER 

0.15045 

0.18593 

0.20936 

0.22865 

0.24458 

S 

H 







A 

R 

P BOUND 
0 

R 

UPPER 

16.2525 

13.3348 

10.3776 

7.2289 

3.7592 

LO'YER 

11 ,5949 

9.7176 

7.5376 

5.1367 

2.4726 


C 


EARTHQUAIOS AHALYSIS (DAMPING RATIO = 0.00) 

TABIE 7.2.6 MODAL PARTICIPATION P ACTORS (MIP) AND S^ 


MODE 

1 

2 

3 

4 

5 ■ 

TIME 

PERIOD 

0.80236 

0.22652 

0.10592 

0.05968 

0.03784 

MPP 

0.35204 

-0.04013 

0.01255 

0.00528 

-0,00265 


^iv/S«C 


25.60 


12.20 


1 4 .60 


6,90 


9.47 
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TABIiE 7*2 •? L0’’'ER VALUES OF DEFLECTION'S AM) SHEAR 


STOREY 


1 

2 

3 

4 

5 

D 

S 

E BOUMD 

UEEER 

0.2470 

0.7790 

1 .3874 

1 .9991 

2:5399 

L 

BCTION 

LOV/EE 

0.1770 

0.5972 

1 .1418 

1 .7352 

2.3276 

S. 

E. 

BOUKD 

UPPER 

1368,311 

1287.152 

1135.701 

1013.7081 

; 862*335 

LOWER 

688.932 

640 .823 

562.999 

499.112 

423.742 

STOREY 


6 

7 

8 

9 

10 

D 

E 

UPPER 

3.1061 

3.5344 

3.9199 

4:3356 

4.8099 

E BOUND 

L 

ECTION^''*ivl 

Lora 

) 

2 ,8843 

3.3816 

3.8067 

4.1591 

4:4531 

BOUKD 

(KipJ 

UPPER 

763*724 

704.232 

462 .094 

311 .203 

181 .280 

LOWER 

371 .931 

295.727 

224.064 

150.659 

82.997 
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TABIiE 7*2.7 tlPFUl AliD LOY/STl VAIUED OE DEPLEGTIOUS AHD SHEAR 


STORET 


1 

2 

5 

4 

5 

D 

E 

P BOUND 

UPRER 

0.2470 

0.7790 

1 .3874 

1 .9991 

2:5399 

L 

ECTION 

LOi’/SE 

0.1770 

0,5972 

1 .1418 

1 .7352 

2.3276 

3 • 

p. 

BOUND 

UPPER 

1368,311 

1287*152 

1135.701 

1013.7081 

862.335 

LOWER 

688.932 

640.823 

562.999 

499.112 

423 .742 

STORE! 


6 

7 

8 

9 

10 

D 

E 

UPITIR 

3 #1061 

3.5344 

5.9199 

4;3356 

4.8099 ■ 

P BOUND 

D 

EGTION^**iv’ 

LOWER 

) , . 

2 .8843 

3.3816 

3.8067 

4.1591 

4:4531 

C{ 

UPPER 

763*724 

704.232 

462.094 

311 .203 

181 .280 

p; BOtJKD 

LOV/E?. 

371 .931 

295.727 

224.064 

150.659 

82 .997 
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EAHTIIQUAKE AMLYSIS (DA1,IPIITG rat 10=0. 02) 
TABLE 7.2.8 IIODAL PARTICIPATION FACTORS (MB') AND 


MODE 

1 

2 

3 

4 


5 

TIME 

PERIOD 

0.80236 

0.22652 

0.10592 0.05968 

0.03784 

I‘,1PP 

0.35206 

-0.04013 

0,01255 0.00528 

-0.00265 

Sy 

in ''sec 

18,10 

10.60 

7.50 

3.94 


3.15 

TABLE 7 

,2.9 UPPEi Al-ro LOTO BOUNDS OP DEFLECTIONS ( INCHES) 

Aim SHEAR FORCES (KIPS ) 

STOREY 


1 

2 

5 

4 

5 

D 

E 

Tn 

UPPER 

0,1708 

0.5482 

0,9902 

1,4314 r,8253 

^ BOUND-- 

E LOWER 

rtrnTnw 

0.1255 

0.4240 

0.8107 

1 ;'2309 1 .6488 

V J. 

UPPER 

769.389 

731 .335 

654.618 

581 

.973 499.468 

BOUND 

^ • LOWER 

383.178 

363.720 

326.862 

289 

.440 250.144 


:wass?*:p:r=a==s=sp*«*s^ 





TABIJS 7.2.9 (COffiD.) 


STOREY 

6 

7 

8 

9 

10 

D 

® UPEER 

F 

T. BOUND 

2.2051 

2.4917 

2i7638 

3V0838 

3. '41 98 

SlOK 

2.0406 

2.3908 

2.6914 

2.9418 

3 VI 508 

H 

E UPPER 

433-189 

345.759 

266.535 

183.873 

106.978 


^ BOUND 


F 

ORCE 


WXm 213-536 173-399 133.059, 91 .783 50.288 
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TABLE 7.2.10 STIEPHESSIB POE. SHEAR ?/ALL STRUCBIRE 

TYPE 2 


i 



1 

0,2561 4769E-K)8 

0.11664000E+05 

2 

0,21721500E-K}5 

0 .11 664000E-K)3 

3 

0.25614769E-K)8 

0.97394399E-(O6 

4 

0.21 721 500B-K)5 

0,12150000E+03 

5 

0.85433474E-f04 

0 ,25030043E+06 

6 

0.49963994S-K}8 

0:,25030043B+06 

7 

0 ,43321 SOOE+OS 

0 .568682572+07 

8 

0,499639942+08 

0.21600000E+05 

9 

0,43321 500E+05 

O .568682572+07 

10 

0.16686695E+05 

0.21600000E+05 


BATA 0.11197440B+10 n, =36" 

Kg » 0.11197440E+10 rig = 36" 

K^ » 0.17496000E+08 ^ = 120" 

K^ = 0.25920000E-K)7 ^ * 120" 

Kg » 0.25920000E+07 


E=3000 Kip/in^ 

G=e/2 


f=1 .2 


§1 = 
g2= 


»y 

G ■ 

til 
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TABLE 7»2,11 COEPEICIEHS OE MTERAI STIEEKESS 

MATRIX K 


i 

d 


i 

d 

"13 

1 

1 

14161 ,92029 

5 

5 

11702.15552 

2 

1 

- 8340.35120 

6 

1 

- 3 .50090 

2 

t 

11733-67419 

6 

2 

31.55652 

5 

1 

2491-29269 

6 

3 

- 278.02187 

3 

2 

- 8065.80731 

6 

4 

2459.77600 

3 

3 

11702.60229 

6 

5 

- 8062 .51616 

4 

1 

- 281.53334 

6 

6 

11702.13379 

4 

2 

2460 .22079 

7 

1 

0.46857 

4 

3 

-8062 .32037 

7 

2 

- 3 .49436 

4 

4 

11702.18286 

7 

3 

3 r . 5 l 307 

5 

1 

31 .97439 

7 

4 

-2 78 '.05943 

5 

2 

- 278.04661 

7 

5 

2459.73154 

5 

3 

2459.80087 

7 

6 

- 8062.31342 

5 

4 

- 8062 .29773 

7 

7 

11701,70715 
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I!AB1E 7.2,11 (COKTI)) 


i 

d 


i 

d 


8 

1 

0*13492 

9 

7 

2429.41428 

8 

2 

0.58601 

9 

8 

-7808.70850 

8 

3 

—3.36674 

9 

9 

9443.36670 

8 

4 

31 .64021 

10 

1 

2.99963 

8 

5 

-277.87999 

10 

2 

3.05296 

8 

6 

2459.51688 

10 

3 

3.09402 

8 

7 

-8058.95941 

10 

4 

3.56992 

8 

8 

11673.59875 

10 

5 

0.53576 

9 

1 

-1 .09246 

10 

6 

28.89178 

9 

2 

-1 .16037 

10 

7 

-219.99296 

9 

3 

-0.74796 

10 

8 

1983.34276 

9 

4 

-4.70207 

10 

9 

3809.48553 

9 

5 

29.83717 

10 

10 

2002.49969 


9 6 -276*17484 
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TABLE 7.2,12 EHEQUEl'JC lES TIJCE PERIODS AKD MODE SHAPES 



1 

2 

3 

4 

. 5- 

EREQUENCY 

RAD/SEC 

6.85357 

25 .70335 

56 .72948 

98.95149 

151';^65625 

mrs 






PERIOD 

0.91714 

0.24455 

0.11080 

0 .06352 

0.04145 

SEC. 







-0.01737 

-0,07116 

0.15338 

-0.25252 

0.35141 

M 






0 

D 

-0,05836 

-0.20948 

0.57283 

-0,45469. 

0.39430 

iJ 

-0.11342 

-0.34365 

0.44536 

-0.25493 

-0.12522 


-0.17592 

-0.42310 

0.29374 

0.18684 

-0.42838 

D 

H 

-0.24108 

-0.4196 

—0 .01 071 

0.42961 

-0 .04504 

P 

-0.30534 

-0.32484 

-0.30057 

0.22849 

0,41225 

R 

-0.36611 

-0.15488 

-0.41060 

-0.20405 

0 .'21701 

O 

-0.42175 

0.06204 

-0 .06892 

-0.41119 

-0 .31 326 


^0.47163 

0.29207 

0.06593 

-0 .1 4973 

-0:30750 


-0.51651 

0.50966 

0.46545 

0.39960 

0.33180 
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2ABLS 7.2,12 (COM)]).) 


sl- 

ITo. 

6 

7 

8 

9 

10 

PHISQIISNCY 

RAD/SBC 

211 .41850 

273.75797 

332,62275 

381 ,30605 

413,481/ 

THIS 

PERIOD 

SEC. 

0.02973 

0.02296 

0,01890 

0.01648 

0.0152 


M 

0.42949 

0 .46783 

0.44833 

0.35928 

0,20178 

Id 

0 

D 

E 

0,18606 

-0.09920 

-o;54478 

-0.42925 

-0.2948 

-0,40913 

-0.34778 

0.02294 

0.37812 

0.37396 


-0 .0991 6 

0.37247 

0.32024 

-0.19803 

-0.4200- 

r* 

0.42948 

0.06501 

-0 .-42 973 

-0.04760 

0.45074 

u 

H 

A 

0.01947 

-0.42152 

0.22625 

0.27754 

-0'.4049 

P 

“n 

-0.43459 

0.25765 

0,1452 

-0.41471 

0.3 4475 

E 

0.05477 

0.22859 

-0,40838 

0.41481 

-0.2558. 


0.39561 

-0.41163 

0.36432 

-0.26847 

O'.UI 49 


-0,26549 

0.20405 

-0.14718 

0.09505 

-0.0464^ 
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'JIIID AlTALYblS (1:^=0. 1 Sec. ^=1 .0 Kip) 


MLIi 7.2.13 DYKAKIC LOAiD MGMS (DUE) 

max 


MODE 

t 

r 

sec . 

T 

Sec 

t,/?— 

[due) - - 

'max 

1 

0.1 

0.. 91 71 4 

01109 

1;99 

2 

II If 

0.24455 

0 ..408 

1*71 

3 

n 11 

0.11080 

0.903 

1 .10 

4 

ft rt 

0^06352 

1.575 

1 .20 

5 , . 

n If 

0,041 45 

2,418 

1.13 


Wm 7,2.14 MODAL STATIC DEMCTIOHS 


MODE 

1 

2 

3 

4 

5 

MODAL 

STATIC 

0.32350 

-0.00925 

0.00140 

-0.00027 

0.00012 


DEFLECT lOUS 
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MIE 7.2.15 (IKHES) 


STOREY 


D 

E 

F 

L 


UPPffi 


0,01267 0.04166 0,07924 0,12052 0.16199 


S l;0V/RFi 

I 

ON 

0,01124 

0,03772 

0.07322 

0.11345 

0.155534 

UPPER 

S F BCO^®- 

25»6732 

24.9265 

23.3763 

21 .4239 

19,0276 

LaVBR 

15-6558 

15.3169 

14.6098 

13.5761 

12.2615 

STOREY 

6 

7 

8 

9 

10 

D 

E UPPER 

P 

"DATIf^Tn 

0.20230 

0,23887 

0.27308 

0 ,30843 

0.34147 

JDwU 

E LOWER 

CTION 

0.19664 

0.23570 

0.27151 

0.30366 

0.3326t 


16,5802 

13.5598 

10.6382 

7 .4747 

3.9398 

o ,j3UUKtr* — — ~ 

LOWER 

10.6687 

8.7712 

6;7051 

5.2958 

2:5799 
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earthquake AMLISIS (UAiffilNO RATI0=0.00) 
TA3LE 7-2*16 MODAL PARTICIPATIOI MOTORS (MEP) AED 



1 

2 

3 

4 5 

Til® 

PEL^IOD 

(SEC) 

0-91714 

0.24455 

0.11080 

0.06352 0.04145 

MPP 

0-39717 

-0 .04741 

0.01331 

-0.00569 0.00291 

Inch/sec 

15-75 

# 

9*07 

17.70 

7,10 9.47 

TABLE 7. 

?.17 UPPER AND LOIMl BOUNDS 
SHEAR PORCES (KIPS) 

OP DBPIEOTIONS (INCHES) AND 

STORET 


1 

2 

5 4 5 

b 

E 

^ BOUm 
E 

CTioir 

UPPER 

0.1953 0 

.5722 0.9760 1 .3709 1 .7093 

D 

LOWER 

0.1194 0 

.3867 i 

0.7324 1 .1176 1 .5189 


UPPER 

1214.230 

1128.164 

982.381 862.109 725*549 

S.P.BOUM>- 

LOWER 

637.149 

587-025 

508.884 439.348 368.777 
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TABIE 7.?, 19 U?r!| POHCES™!^^^ DEPLEGTIONS (IICHES) AM) 



, 0.1389 0.4213 0.7383 1.0452 1.3084 


LOIYSI 0.0880 0.2868 0.5430 0.8240 r;i1lO 


ST ION 


UPPffi 662.428 624*316 553.132 484.402 ' 409.452 


S J'.BOUEI 


fLOTOT 334.224 314.411 278.744 241 .140 203.856 


D 

E 

E 

E 

CTION 


UPPER 1 .5841 1 .7853 1 .9810 2.2925 2.6523 


BOUND 


BOWSE 1.3922 1.6600 1.9101 2.1403 2.3527 


UPPER 356.598 280.602 214-372 148.999 91';029 


S.P.BOJKD- 


IiOY/ER 172.619 137.251 103.539 72.231 43.112 






CHAPTER VIII 


EIPERIIffiMTAI SET “UP AJID PYMMIC TESTIHG OP LIOPEIS OP 

SHEJUlUAII STRUCTURES : 

The dynamic testing of models of tv/o types of shear- 
wall structures was carried out in the Structural Dynamics 
Laboratory of Indian Institute of Technologys Hew Delhi* 

8.1 EXPERIMERTAI SET-UP : 

The main equipment used in the experiment is 
given below ; 

1 . Vibration Generator (Ling Altec Electromagnetic Type) . 

2-* D-880-A and A/1 2-Phase L.P. Decade Oscillator 

(Miirhead & Co. Limited). 

3* Philips Double Bean Oscilloscope (PM 3230/90) 

D.e. 10 

4. Amplifier Type PP 60 VAP - Ling Altec Type. 

5. Voltmeter and Accelerometer# 

6. Models of shearwall structures Type I & II.' 

7. Heavy Concrete Block. 
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A rig was used to hold the frames which were 
fixed at the base. The supporting structure consisted 
of a heavy concrete block with an I— section embedded 
in it. The model was sandwitched between two 4”3c4"x5/8'‘ 
angles fixed to the flat surface of I-section through 
hi^ tensile bolts. 

8.2 DESORIPTIOIT OP MODELS : 

Two models of shearwall structure Type I and II 
were fabricated from a perspex sheet 7/16" thick. The 
dimensioned sketches of the models are shown in Eig. 8.1 . 
and Eig. 8,2 for shearwall structures Type I & II 
respectively. 

5 

E for perspex = 4*33 x 10 psi 

5 

G- for perspex = 1 .6914 ^ 18 psi 

A 2 4 - 

Mass density for perspex = 1.135 ^ 10 lb. sec. /in . 

8.3 DYMMIC TESTING OE MODELS : 

8.3.1 Testing Brocedure : 

The models were excited harmonically by an 
electromagnetic vibrator driven throu^ a Power Amplifer 
by a Mmirhead Decade Oscillator. It was assumed that 






FfG. 8>1 Perspex model of ShearwaU structure Type-I 


, Column size,: Xx,-^ 
f 16 4 

Beam size: 

7 ^^ V4: 

Shcarwall size: t4-x3 
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8,2*1 MODEL I OE SHEARTOL SDRUCTURE TYPE I 

TABLE 8,1 COEEEICIEHTS OP LATERAL 
STIPPITESS MTRIX 


i 


Kj_^ (lb s/in) 

' 

0 

METHOD I 

METHOD II 

1 

1 

37962.80512 

37961 .13888 

2 

1 

-21848,02880 

-21848.73920 

2 

2 

21760,51456 

k 

21749.59776 

5 

1 

562,18720 

5644;77984 

3 

2 

-8217,46520 

-8205,04808 

3 

3 

3952 .20676 

3934.7175 


TABLE 

8.2 COEPPICIEIWS OP DIAGOB-L MSS MATRIX 

i 


1 2 

3 

m- 

11 

(lbs, 
sec . 

0, 

^/in) 

001589 0,001589 

0.0009745 
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S.2.2 MODEL II OP SHEARVfALL STEUGIURE TYPE II 


TABLE 8,3 COEPEIGIEIITS OE LATERAL 
STIEEIESS MTRIX 


i 

d 

Ls 

(Ibs/in) 

* - - , , 

METHOD I 


METHOD II 

1 

1 

95703487072 


55487*11168 

2 

1 

“55160.46912 


“31173*16816 

2 

2 

55141 *42656 


36506.06816 

5 

1 

14294.75968 


7776.83688 

3 

2 

“20923.21520 


“14659-09632 

3 

3 

10113.35736 


7694.90864 

TABLE 8.4 COEEEICIEETS OE DIAGOHAL IASS MTRIX 

i 


1 

2 

3 

m . . 
11 

lbs 

•sec^/ 

0.00171314 0.00171314 

0.0009683 


in 
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ijlie force exert; ed "by t:h.e vibrator vas proportional to 
tbie input voltage, the value of which was inaintained 
constant throughout the single observation for a mode'; 
The input current to the vibrator was controlled by an 
output level knob in the oscillator and its value was 
generally kept at 1.0 ampere. The input c^f#ent was 
also used as a reference signal for the response of the 
frame . 


The vibration set-up is shown diagramraatically in 
Pig. 8.3. The response sigml at the top of the frame 
was picked up by an accelerometer. The output signal 
from the oscillator v'/as also fed to the oscilloscope. 

In the first mode the response from the accelerometer was 
maximum at the extreme free end of the frame and this v/as 
observed to decrease gradually as the accelerometer was 
moved towards the fixed base. In the second mode the 
response from the accelerometer was found to be zero at a 
mode point along the frame while it was zero at t?;o node 
points in the third mode. The estimate of natural frequen- 
cies was obtained by feeding the response from the accele- 
rometer fixed at the top free end to the oscilloscope and 
by looking at figures on the screen formed by changing the 




FfG.8-3. Schematic Diagram of Vibration-set up 
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8.4 COmJlISOIT OR RESULTS 
8.4.1 IIOLBL I 

TABLE 8.5 COIimiDOU OE IIATURAL EREQUEUCIES 


MODE 

THEORY EXPERItlENT 

(CPS) (CPS) 

METHOD I RETHOD II 

1 

84.20242 83,60950 91 .60 

2 

392.60753 392.07436 412.0 

3 

944.82902 944.75662 978.0 


8.4.2 MODEL II 

TABTjE 8.6 COLDPARISON OE miUEAL EREQUEUCIES 




THEORY 




(CPS) 

.EXPERIilEIW 

MODE 

RETHOD I 

RETHOD II 

(CPS) 


1 

2 


132.0 


3 


132.88454 
611 .22852 
1449.71594 


126.83884 

540.55453 

1112.28521 


62 8 VO 
1 455.0 
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8.4 GOlIPJffilSOlT OR RESULTS 
8.4.1 IIOUEL I 

TABIE 8.5 GOIvlPARISOU OP ITAPPRAI PRIQUBITCIES 


MODE 


THEORI EXPERII.IEM 

(CPS) (CPS) 


MHOD I METHOD IP 


1 

84.20242 

83.60950 

91 .60 

2 

392.60753 

392.07436 

412.0 

3 

944.82902 

944.75662 

1078.0 


8.4.2 MODEL II 

TABLE 8.6 COMPARISOI OP MATUEAL PEEQIEllCIES 


!IODE 


THEORY 

(CPS) 


METHOD I MHOD II 


EXPEELIIffilD 

(CPS) 


1 

2 


3 


132.88454 
611 .22852 
1449.71594 


126.83884 

540.55455 

1112.28521 


132.0 
628.0 
1455 .0 
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jix'eq.Vi.Giici Gc. * .lioxi "thG fibres appearGcl tio bs circlGSj 
'die xi’eq^ueiiciGG weire defined as iia’uiix'al fneo^ueiicies • 

A 'typical plot of auiplitnde versus ireq^iieiicies is shown 
in ]?ig. 8,4- 

8.4 DISCUSS lOlT OP EZPERII;jSHTAL RSSUITS ; 

The comparison of experimental & theoretical 
values of natural frequencies of Model I is shown in 
Table 8,5- Phe experimental values are higher due to stiff- 
ness of joints. The theoretical values Wei's obtained by 
idealising the model as 3 degree-of -freedom system but 
actually it is a continuous structure. In case of Model IIj 
the experimental values of natural frequencies are quite 
comparable with the theoretical values obtained by Method I 
(Table 8.6). In the Method II, the effects of shear and 
axial deformations have been considered. 



CHAPTER IX 


RESULTS Al® COHCIUSIOIS 


The shearwall structures are well suited for 
construction in earthquake areas and have acted satis- 
factorily during recent disasters. Shearwalls in building 
usually becono economical as soon as lateral forces 
govern the design and proportioning of structural conpo- 
nents like beam and columns. Buildings upto 70 storeys 
have been built in U*S.A, using shearwalls. 

9.1 SHEARWAIL STRUCTURE TYPE I : 

The shearwall structure Type I has been analysed 
by two methods. In the Method Ij 4 degrees of freedom 
per storey were talcen. The axial deformations of the 
columns were included in the Method II , besides the 4 
degrees in the first method. The lateral stiffness 
matrices were formulated in both the above cases. It was 
found from the results (Chapter YII) that the elements 
of the lateral stiffness matrix differ by negligible 
values. In this type of structure identical results i.e^ 
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frequencies and response due to 'vind and earthquake forces 
etc. were obtained in both the cases j 

Axial aef ormat ions of colunns will be important 
if the frame heignt to width ratio lies bGtv.^eeii 3 and 4» 

If axial deformations are negligible, then, it is worth- 
while to neglect them, both to reduce the size of the 
stiffness matrix and to improve the conditioning of the 
matrix. In a tall buildings, it will save the memory 
locations in a computer, 

9.2 SHEARWALL STRUCTURE TYPE II ; 

This type of structure has also been analysed 
by both the methods (Chapter YII) . In Method 1,3 degrees 
of freedom per storey were taken and only flexural effects 
were considered. In Method II, axial deformations of the 
walls and the shear effect on them were taken. The second 
approach causes difference in the elements of the lateral 
stiffness matrices from those obtained in the first case. 
The frequencies obtained in first case are in general 
higher than those in the second case when the frequencies 
are low, the difference is quite small but the difference 
becomes large in the higher frequencies (Tables 7.5 
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Also the response of the structure due to earthquake and 
wind lorces is different in both the cases (Tables 7.2.3 

rnv, 1 ^ • . . 7-2.‘\3to-7.Z-i9) 

The second icexiiod is more realistic with respect to the 
behaviour of the structure. 


9.3 COKPAPa'SOK OP METHODS I & II 


As stated in paragraphs 9.1 and 9.2 the method I 
is approximate as compared to the method II but the former 
has got certain advantages over the latter. In method I, 
geometric properties of the members of the structure i.e. 
lengths and areas of cross-section of columns, walls and 
beams can be directly varied from storey to storey without 
changing the computer programme; hor/ever in method II the 
stiffness coefficients have to be modified for any such 
geometric change. It has been noted (Tables 8.5 and 8,6) 
that the experimental values of natiiiral frequencies of 
perspex models I and II are quite comparable y/ith the 
theoretical values when method I is used to compute the 
elements of lateral stiffness matrices. The discussion of 
experimental values of natural frequencies Ys, theoretical 
values has been given in paragraph 8,4» 
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9,4 SHEAR FORCE DISTRIBUTION BETWEEN SHEARWARD AND JRAW i 

In shearv/all structure Type I, as the lateral 
stiffness of the wall is much larger than those of columns, 
the lateral force shared by wall is approximately 95% 
that of the force at the storey level. The rest ■ 5^ is 
taken up by both the columns; 

The moment of inertia of shearwall would nor3iially 
be at least 50 times greater than that of a column, 

9,5 SUGGESTION FOR FURTHER WORK s 

It is suggested that finite element technique 
may be used to develop the stiffness and mass matrices 
of shearwall structures. Then the response of the structure 
may be found due to dynamic loads like wind, earthqualce, 
blast etc The behaviour in the inelastic range is yet 
to be investigated in greater detail. Ry’-namic analysis 
of Brefabricated Rrecast Concrete Tall Buildings has also 
not rscoivod inuch attention in Inaia.* 
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IPPEFUIX 



FLOW CHAPiT 


Data ; - 

Geometrical & material 
properties of structure 


Generate a stiffness 
matrix CAl 


Partition matrix W 
into 

^-| ^ j A..^ 2 j anl A^^ 


Evaluate lateral stiffness 
matrix Ck] by 

K~A22*"A2'j 'A"^ "I * ■^12 


Generate diagonal 
mass matrix 


Find inverse dynamical 
. matrix W 

W = M'’ DG 


Compute freq.uencies, 
time periods and 
mode shapes 



















